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PREFACE 


This  is  the  second  preliminary  report  to  be  prepared  by  the  University 
of  Illinois  mini-assessment  team  for  Phase  I  of  the  Ohio  River  Basin  Energy 
The  study  is  being  conducted  under  Contract  No.  R804821-01  for  the 
Energy,  Minerals  and  Industry  (OEMI) ,  Office  of  Research  and 
Developmfeo_t<^.  S .  ^£nf ironmental  Protection  Agency,  as  part  of  its  Integrated 
Assessment  PrngrnmTrfAP) r-  During  Phase  I,  the  research  teams  are  reviewing 
existing  and  potential  fener^yl  conversion  technologies;  identifying,  character¬ 


izing  and  broadly  assessing  the/rmpacrfc  of  these  systems  in  the  lower  Ohio 
River  Basin,  from  1975  to  2000;  a^^^entdy^kqg  and  analyzing  the  major  policy 


issues  and  options  associated  with  thes^impac ts . 
A  primary  goal  of  the  study  is  to  identi 


economic,  institutional  and  public  health  impacts. 


effects  various  policy  options  might  have  in  eliminating  or  ^il 


r  range  socio- 


etermine  what 


impacts.  This  preliminary  report,  however,  focuses  on  the  physicarxand  bi 


g  these 


logical  impacts  associated  with  the  construction  and  operation  of  energy/con¬ 
version  technologies.  These  immediate,  and  relatively  obvious,  impacts  must 
be  identified  and  assessed  in  order  to  determine  the  delayed,  less  obvious 
socioeconomic,  institutional  and  public  health  impacts  that  are  related  to 
changes  in  the  physical  and  biological  conditions  in  the  study  area.  The 
present  report  serves  to  identify  the  direct  and  indirect  impacts  of  energy 
conversion  facilities  in  the  Ohio  River  Basin  to  the  year  2000.  The 
organization  and  flow  of  the  research  effort  to  accomplish  this  is  des¬ 


cribed  in  the  following  sections. 


* 


I 


viii 


The  leader  of  the  University  of  Illinois  mini-assessment  team  is 
Ross  J.  Martin,  Director  of  the  Engineering  Experiment  Station  and  Professor 
of  Mechanical  Engineering  at  the  Urbana  campus.  He  has  been  assisted  in 


istering  the  effort  by  M.  E.  Wyman,  Assistant  to  the  Dean  for  Long- 


Experi 
the  primar 


g  and  J.  J.  Desmond,  Associate  Director  of  the  Engineering 


The  other  members  of  the  Urbana  campus  team,  which  has 
lity  for  the  physical  and  biological  impact  assess¬ 


ment,  are: 


Wayne  David,  Assistant  Pjo: 
Daniel  Hang,  Professor  oi 
Jon  Liebman,  Professor  of 


of  General  Engineering 
al  and  Nuclear  Engineering 
en  ngineering 


Judith  Liebman,  Assistant  Professo 

G.  Laurin  Wheeler,  Associate  Research 
Environmental  Research  Laboratory 


tions  Research 


James  P.  Hartnett,  Director  of  the  Energy  Resour 


enfler  at  the 


University  of  Illinois  Chicago  Circle  campus  and  Professor  o£\  Energy 
Engineering,  is  coordinator  for  the  Chicago  Circle  campus  segment  of  the  ys. 
team,  which  has  the  primary  responsibility  of  the  socioeconomic,  institi/^ 
tional  and  public  health  aspects  of  the  assessment.  The  other  team  members 


from  Chicago  Circle  are: 


Daniel  J.  Amick,  Associate  Professor  of  Sociology 

Lyndon  R.  Babcock,  Jr.,  Professor  of  Environmental  Health 
Sciences,  School  of  Public  Health 

Gilbert  W.  Bassett,  Assistant  Professor  of  Economics 

Kathleen  M.  Brennan,  Research  Engineer,  Energy  Resources  Center 

Gary  L.  Fowler,  Associate  Professor  of  Geography 

Steven  D.  Jansen,  Research  Geographer,  Energy  Resources  Center 

P.  V.  Sudhindra,  Research  Engineer,  Energy  Resources  Center 

Charles  Teclaw,  Research  Economist,  Energy  Resources  Center 

Lettie  M.  Wenner,  Assistant  Professor  of  Political  Science 


■ 

• 

The  broad  scope  of  the  mini-technology  assessment  has  necessitated  the 


overview  format  of  the  material  in  this  report.  The  impacts  of  the  four 


>n^ll  Technology  Configurations  (RTCs) ,  or  combinations  of  size,  type 
and  l<^at^on^o^e^r8y  conversion  facilities  developed  during  the  first  part 


of  the  study. 


groups  or  institutio 


, broadly  identified  and  characterized.  Individuals, 


in  some  manner  by  these  impacts  have  been 


tentatively  identified,  a 


capacity  to  respond  to  these  imp 


and  institutions  that  may  have  the 


been  indicated.  The  researchers 


have  made  preliminary  identif icationUT  the/nctibn  options  available  to 


these  agencies  and  the  possible  effects  of 


on  the  RTCs. 


INTRODUCTION 


A.  1-1 


A.O  INTRODUCTION 


A. 1  BACKGROUND  AND  STATEMENT  OF  PROBLEM 


The  recent  emphasis  upon  the  development  of  domestic  energy 
resources^  to  meet  an  increased  percentage  of  the  United  States'  future 
energy /deflnmd  requires  that  we  understand  the  consequences  of  alternative 


policies 


and  public  h 


development  upon  the  environment,  and  the  social  welfare 


he  citizenry.  The  Integrated  Assessment  Program  (IAP) 


of  the  Environment^ 


to  this  need. 


ection  Agency  (EPA)  has  been  developed  in  response 


The  purpose  of  the  I4P^£/  o  inform  policy  makers  of  the  consequences 
of  developing  a  new  energy  techpol/ar^y ,  extending  a  technology  to  a  new 
geographical  region,  or  greatly  dxpandijig  an  existing  technology.  The 
consequences  include  not  only  f irstf^^rder ^environmental  effects,  but  also 


all  second-order  and  higher-order  effe 
and  of  the  environmental  controls  applied 
is  the  principal  method  of  impact  analysis.  The 


to  inform  policy  makers  of  the  options  open  to  the: 
consequences  of  those  options. 


technologies  themselves 


Technology  assessment 


essments  are  designed 


e  possible 


A  substantial  part  of  the  IAP's  technology  assessment  activity  involves 
the  study  of  large-scale  energy  development  in  well-defined  geographical 
regions  which  are  likely  to  have  major  increases  in  energy  production  in 
the  near  or  mid-term.  The  three  regions  selected  in  the  contiguous 
United  States  are  the  Rocky  Mountain  and  Plains  States,  Appalachia,  and 
the  lower  Ohio  River  Basin.'*' 


The  first  phase  of  the  western  states  assessment  is  completed  (6)  and  the 
Appalachian  study  will  begin  shortly  (3) . 


< 


-  . 


■ ' 


* 


1 


A.  1-2 


The  purpose  of  the  Ohio  River  Basin  Energy  Study  (ORBES)  is  to 


analy 


impacts 


e  full  range  of  first-order,  second-order,  and  higher-order 


ted  energy  conversion  technologies  from  1975  to  2000, 


and  the 


environmental 


technologies  and 


,  including  legislative  actions,  for  alternative 
(rategies . ^  The  major  objective  is  to  identify 
patterns  that  are  environmentally  acceptable 


and  to  apply  environmental!  cefyz'A ols  and  siting  policies  to  them  that 


will  protect  the  environment  and 
of  the  region. 


health  and  welfare  of  residents 


"*"An  energy  conversion  technology  is  defined  as  an  energy  conversion 
facility  (generating  plant)  as  well  as  any  associated  facilities  and 
technologies  that  support  it. 


A.  2-1 


A. 2  DEFINITION  OF  STUDY  REGION 


The  study  region  includes  a  total  of  358  counties  in  Illinois, 


Indiana,  Kentucky  and  Ohio  (Figure  A-l  and  Table  A-l) .  These  counties 


acco 


r  88  percent  of  the  land  area  and  60  percent  of  the  total 


populat 


of  the  Ohi 


e  four  states.  Each  county  contains  at  least  a  portion 


tershed  or  has  the  majority  of  its  land  area  in  the 


Eastern  Inter! 


tier  of  counties  in 


eld.  Because  of  these  criteria,  the  northern 
Ls,  Indiana  and  Ohio  are  excluded  from  the 


study  region,  despite  the  demands  of  large  metropolitan  areas 

such  as  Chicago,  Gary,  and  Cle^’e^pd^The  other  boundaries  of  the 
study  region  follow  state  lines ,( and  include  all  of  Kentucky/* 


1  Fulton,  Carlisle  and  Hickman  Counties  in  the  extreme  southwestern  part  of 
Kentucky  are  included,  even  though  they  are  not  in  the  Ohio  River  watershed. 
Will  and  Rock  Island  Counties  in  Illinois  are  excluded  because  they  are  part 
of  adjoining  Standard  Metropolitan  Statistical  Areas  (SMSAs). 


••  '  . 


■ , 


•  •  .  • 


t 


•  ■ .. 


A. 2-2 


OH  I  O  RIVER  BASIN 


ENERGY  STUDY  REGION 


OHIO  RIVER  DRAINAGE  BASIN 


COUNTIES  NOT  IN  REGION 


FIGURE  A-l 


0  100  200 

I _ I _ I _ I _ I _ I _ I 

Scale  in  Miles 

SOURCE  U.S.  Bireau  of  the  Census 

FTepared  by  Cartographic  Laboratory  and 

Energy  Resources  Center,  U  I  C  C 


A.  2-3 


TABLE  A-l 

COUNTIES,  LAND  AREA  AND  POPULATION  OF  THE  ORBES  REGION 


STATE 

(  COUPLES 

LAND  AREA3 

POPULATION13 

STA'P^V 

O^BES 
) / 

STATE 

ORBES 

STATE 

ORBES 

Illinois 

102 

)/s\  A 

^  55,748 

46,612 

11,145.0 

3,394.5 

Indiana 

92 

83 ‘  // 

\  36^)97 

32,149 

5,311.0 

4,100.5 

Kentucky 

120 

120 

W?, 650  ' 

39,650 

3,396.0 

3,396.0 

Oh  io 

88 

70 

40>7ur 

10,737.0 

7,494.7 

Totals 

402 

358 

172,470 

W,760  J 

a  30 , 589 . 0 

18,395.7 

aIn  square  miles, 
b 


Estimates,  in  thousands,  for  July  1,  1974  (Ohio)  and  July  1, 
Indiana  and  Kentucky) ,  as  published  in  Current  Population  Repoi 


vlinois , 
is  P-26, 


No.  122;  No.  75-13;  No.  75-14;  and  No.  75-17. 


i 


-  • 


•  •  i 


.  i. 


A.  3-1 


A. 3  METHODOLOGY 


A. 3.1  COMPREHENSIVE  TECHNOLOGY  ASSESSMENT 


examines  t 


new  or  expan 


gy  assessment  is  a  class  of  policy  studies  which  systematically 
tial  short-term  impacts  and  longer-term  consequences  of 


policy-  and  dec! 


ologies  upon  society.  The  objective  is  to  enable 


rs  to  consider  the  main  options  and  determine  how 


they  might  more 


yeay  intervene  in  the  development  of  a  prospective 


technology  to  better  ensur 


ocietal  desirability. 


The  type  of  technology /asse ssment  used  in  the  ORBES  project  is  de¬ 


signed  to  be  comprehensive.  A 


ticularly  concerned  with  the  comp 


sive  technology  assessment  is  par- 
second-  and  higher-order  impacts 


which  may  have  unintended,  long-term  coHsequertees  for  the  environment 
and  the  public  health  and  welfare.  Consequently y->the  assessment  is  conduc¬ 


ted  as  an  interdisciplinary  team  effort  with  flite  major  emphasis  upon  struc- 

While  even  the  most  impeccable  technology  assessm 
cannot  possibly  anticipate  all  future  societal/ i 
pacts  and  consequences  of  a  new  technology,  a  com 
prehensive  assessment  can  narrow  the  usual  vast 
of  uncertainty  by  distinguishing  what  is  known  from 
what  is  not  known;  what  is  thought  to  be  true  from 
what  is  verifiable;  what  is  feared  from  what  is  wel¬ 
comed,  and  what  competing  and  sometimes  conflicting 
perspectives  need  to  be  taken  into  account.  Thus 
the  public  dialogue  which  follows  the  release  of  an 
assessment  can  be  based  on  the  maximum  amount  of  in¬ 
formation  that  is  available  and  an  open  explication 
of  the  mental  models  of  the  various  [parties  at  in¬ 
terest]  . 


In  general,  technology  assessments  of  energy  development  have  focused 


upon  a  particular  energy  conversion  technology  (e.g.,  geothermal)  or  a 
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limited  range  of  impacts  (2,5).  By  comparison,  the  technology  assessment 
of  the  ORBES  project  is  concerned  with  several  combinations  of  energy 
conversion  technologies,  is  regional  in  scale,  and  is  comprehensive  in 


nature. 


Ob j ectives 


Phase  I  of  the 


project  has  two  primary  objectives: 


1.  Outline  tne  p  to  and  projected  energy  conversion 


technology  con 


2.  Perform  an  initial 


s  in  the  study  region. 


of  present  and  future 


regional  impacts  of  these  technologies . 


The  assessment  is  being  performed  by  three\semi-i»d^endent  interdisci¬ 
plinary  research  teams,  with  support  from  selectfecKspecikl  studies  (Figure  A-2) 
The  methodology  which  the  University  of  Illinois  team^ha^-d^igned  for  the 
assessment  is  shown  in  Figure  A-3. 


Task  1:  Development  of  Plausible  Future  Regional 
Technology  Configurations  (RTCs) 


The  objective  of  Task  1  is  to  summarize  present  and  selected  alterna¬ 
tive  projected  future  energy  conversion  technologies  in  the  lower  Ohio  River 
Basin  in  terms  of  the  energy  resource  base,  conversion  systems  and  facility 
locations,  environmental  control  technologies,  and  the  institutions  con¬ 
cerned  with  energy  utilization  and  its  environmental  impacts.  These 
plausible  futures,  or  Regional  Technology  Configurations  (RTCs),  will  serve 
as  a  baseline  for  subsequent  technology  assessments  and  the  comparison  of 
their  impacts  within  the  study  region. 
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Impact  of  Synthetic  Fuel  Prodiction 


METHODOLOGY  FOR  A  MINI-TECHNOLOGY  ASSESSMENT  OF  ENERGY  DEVELOPMENT  IN  THE  LOWER  OHIO  RIVER  BASIN  1975  TO  2000 
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Given  the  problem  as  defined  above  (Section  A.l),  Task  1  consists 
of  the  following  steps  (the  number  of  each  step  corresponds  to  its 
appropriate  box  in  Figure  A-3) . 


Problem  Definition:  The  major  objective  is  to  identify 


logies  and  siting  patterns  that  are  environmentally 


polici 


and  to  apply  environmental  controls  and  siting 


em  that  will  protect  the  environment  and 


public  health,!  and/qaximize  the  social  welfare  of  residents 
of  the  region. 

2.  Baseline  Present:  Des^rib^^)xi sting  (1970-1975)  conditions 


in  the  study  region,  includin 
technologies  and  resource  basest 


t  energy  conversion 


ctions  of  social. 


economic  and  demographic  characteris 


3.  Technological  Alternatives:  Identify  and  descl^be  alterna¬ 
tive  energy  conversion  technologies  and  control  systems 


which  are,  or  will  be,  available  and  which  could  be  introduce 


into  the  region;  identify  and  describe  an  appropriate  set 


technological  trends  and  assumptions. 


4.  Societal  Assumptions:  Identify  and  describe  sociopolitical 
trends  and  changes  associated  with  new  energy  conversion 
technologies,  including  changes  external  to  the  region 
which  may  alter  sociopolitical  alignments. 


5.  Scenario  Construction:  Scenarios  describe  the  probable  level 
and  type  of  energy  development  in  the  lower  Ohio  River  Basin, 
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and  bracket  various  projections  of  energy  supply  and  demand 
in  the  nation  and  the  region  between  1975  and  2000. 


6.  Regional  Technology  Configurations  (RTCs) :  RTCs  are  plausible 
e^gy  conversion  technologies,  each  based  upon  a  different 

.The  RTCs  vary  in  the  number  and  size  of  facilities, 


d  the  geographical  distribution  of  facility 


sites  in 


7.  Baseline  Futures:  Des^tibe  the  societal,  political,  and 

environmental  trends/and  structures  associated  with  each  RTC 


8.  Institutional  Framework:  \^e stripe  the  institutions,  both 

public  and  private,  and  the  regul^ory^f ramework  which  directly 
or  indirectly  affects  the  RTCs. 


Task  2:  Mini-Assessment  of  Regional  Technology  Con 


The  objective  of  Task  2  is  to  conduct  a  mini-te 


of  the  energy  conversion  technologies  projected  by  the 


technology  assessment  is  meant  to  be  comprehensive  in  nature. 


assessment 


triad 


rather  than  deep.  By  concentrating  on  broad-scale  impacts  at  region 


ion^zX^ 


scale,  researchers  can  work  through  the  problem  conceptually  and  develop 
a  clear  picture  of  detailed  needs  and  research  paths.  Sophisticated 
modeling,  quantification  and  collection  of  new  data  are  not  required. 
Rather,  a  reiterative  review,  critique  and  synthesis  of  available  infor¬ 
mation  and  data  is  necessary.  A  mini-technology  assessment  is  a  means  of 
identifying  the  boundaries  of  the  study  quickly  on  a  low  budget. 


The  differences  in  prototype  technology  assessments  are  outlined  by 
Arnstein,  1976. 


. 


- 
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Box  9  in  Figure  A-3  is  the  first  step  in  Task  2.  It  initiates 
three  interrelated  assessment  functions:  data  collection  and  evaluation, 
impacty  evaluation,  and  policy  analysis.^ 

’reliminary  Assessment:  Identify  specific  approaches  and 
:hodolbgies  to  be  used  in  the  mini-technology  assessments. 

10.  Impact:  IaHntif jc^tion:  Identify  general  categories  of  impact 
(e.g.,  soclaA./  economic,  public  health  and  environmental) 


and  list  specific! 


its  in  each  category. 


11.  Impact  Analysis:  Class if ^im^a^ts  as  to  first-,  second-, 

and  higher-order  effects,  and  idery£if}\their  interrelation¬ 
ships.  The  objective  is  to  trace\the  chakn^of  cause-and-ef f ect 


relationships  between  the  immediate,  di] 


imphjct  of  energy 


conversion  technologies  and  the  second-  and  h: 


:der 


effects  of  long-term  consequences.  The  latter  include 
impacts  of  environmental  controls  applied  to  the  energy*' 
conversion  technologies. 


12.  Standardized  Measures:  Develop  standard  classifications  and 

measures  for  energy  conversion  technologies  and  their  expected 
impacts  that  are  consistent  with  current  regulatory  standards. 


13.  Data  Collection:  Collect  and  organize  currently  available 
data  for  impact  analysis. 


The  gray,  screened  area  shown  in  Figure  A-3  indicates  the  interaction 
between  Tasks  1  and  2  necessary  to  complete  the  RTCs  and  begin  the 
mini- technology  assessment. 
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14.  Data  Evaluation:  Evaluate  the  available  data  and  identify 
areas  in  need  of  additional  data  or  specialized  analysis. 


15.  Special  Studies:  Provide  special  expertise,  detailed 

analyses  and  data  bases  identified  as  essential  for  Impact 
jion  (box  18)  as  well  as  defining  Baseline  Present 
aseline  Futures  (box  7).^ 


by,  or  have  an  i 
those  who  already  have 


might  not  be  aware  of  pot< 


est : .  Identify  groups  likely  to  be  affected 
in,  each  impact.  Groups  include 


il  interest  and  those  who 


impacts  affecting  them 


17.  Policy  Issues;  Describe  the  key 


with  the  impacts  of  each  RTC.  Policy  i 


s  associated 


also  of 


direct  importance  to  defining  Parties  at  Inte 


18.  Impact  Evaluation:  Evaluate  the  impacts  associated  wix 

each  RTC,  and  compare  the  impacts  within  and  between  RTCs 


19.  Policy  Options:  Identify  the  range  of  alternative  strategies 
available  for  public  policy  makers  to  decide  which  policies 
to  adopt  to  effect  a  particular  type  of  environmental  control 
strategy  for  new  energy  conversion  technologies. 


Policy  Options  may  effect  change  through  Parties  at  Interest  (box  16)  by 
altering  the  Institutional  Framework  (box  8)  for  all  or  certain  aspects 
of  the  RTCs  (box  6) ,  or  by  supporting  the  development  of  one  or  several 


1 


The  Special  Studies,  which  comprise  Task  4,  are  listed  in  Figure  A-2. 


. 


‘ 
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Technological  Alternatives  (box  3) .  The  feedback  loops  in  the  policy 
studies  subsystem  indicate  the  pattern  of  interrelationships  between 
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B.O  PRESENT  (1975)  AND  PLANNED  (1976-1985)  ENERGY  CONVERSION  FACILITIES 

IN  THE  ORBES  REGION 


In  1975,  Illinois,  Indiana,  Kentucky  and  Ohio  had  58,647  MW(E)  of 
installed  generation  capacity  (Table  B-l)  (2).  Three-quarters  of  this 
total,  and  the  majority  of  each  state’s  share,  was  in  the  counties  which 
comprise  ORBES  region. 


INSTAL 


STAJE^/A 


TABLE  B-l 

NED  GENERATION  CAPACITY  IN  ORBES 
D  SUBREGIONS,  IN  MW(E) 


1975  INSTALLED  CAPACITY 


1985  PLANNED  CAPACITY 


STATE 

STATE 

ORBES  //^ 
SUBREGION 

»ERCENTAGE 
OF  STATE 
EN/&LGI0N 

STATE 

ORBES 

SUBREGION 

PERCENTAGE 
OF  STATE 
IN  REGION 

Illinois 

25,044 

13,134 

73.5  y 

44,134 

21,279 

48.2 

Indiana 

15,440 

11,343 

/\4,749 

20,007 

80.8 

Kentucky 

12,267 

12,267 

100.0  N. 

19^56 

19,855 

100.0 

Ohio 

27,392 

21,903 

80.0 

\  27,334 

73.0 

TOTAL 

80,943 

58,647 

73.2 

126,20^V 

J  88,475 

70.1 

Coal-fired  plants  accounted  for  89.7%  of  the  region's  capaciLjQ  with  oil 
(4.8%)  and  nuclear  (4.8%)  plants  comprising  most  of  the  remaindeX  The\plants 
are  in  places  which  are  accessible  to  water  supplies,  coal  fields  and/load 
centers  (Figure  B-l)^  (1).  They  are  concentrated  along  the  main  stem  of  the 
Ohio  River  and  its  main  tributaries.  Figure  B-2  displays  the  transmission 


The  facilities  shown  in  Figure  B-l  represent  95%  of  the  installed  genera¬ 
tion  capacity  but  only  55%  of  the  facilities.  Facilities  having  less  than 
25  MW(E)  capacity  are  not  shown. 
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line  network  emanating  from  the  main  stem.  Figure  B-3  indicates  the  major 
coal  fields  within  the  ORBES  region.  These  fields  represent  a  present  and 
projected  primary  fuel  source  for  the  region. 

Utilities  plan  for  capacity  additions  of  57.5%  for  the  four  states,  and 
50*9%  m  /he  ORBES  region  by  1985  (Table  B-l) .  The  majority  of  the  increase 
is  in  II lirKTr^T Indiana  and  Kentucky,  with  Indiana  having  the  largest  increase 


(76.4%).  Additions 


'existing  generation  facilities  are  planned  in  nine 


counties,  and  new  facilities/are  planned  for  eight  counties  which  already 


have  (1975)  at  least  one  plant 
counties  which,  at  present,  ha 


Coal-fired  plants  will  still  acco 
capacity  in  1985.  However,  nuclear  pi 
than  in  1975.^ 


additional  nine  plants  are  planned  for 


eration  facilities  (Figure  B-4)  . 


timated  84.7%  of  the  generation 


have  a  larger  share  (10.6%) 


The  sites  shown  in  Figure  B-4  indicate  plans  of  the  utilities  for  capacity 
additions  by  the  three  regional  reliability  councils  responsible  for 
coordination  of  electrical  generation  in  the  ORBES  region:  Mid-America 
Interpool  Network  (MAIN),  East  Central  Reliability  Council  (ECAR) ,  and 
Southeastern  Electric  Reliability  Council  (SERC) .  These  facilities  are 
expected  to  be  completed  and  operating  by  the  end  of  1985. 
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C.O  PROJECTIONS  OF  FUTURE  ENERGY  CONVERSION  FACILITIES 

IN  THE  ORBES  REGION  (1975-2000)  -  FOUR  SCENARIOS 


An  objective  of  the  Ohio  River  Basin  Energy  Study  is  to  project  a 
range  of  probable  changes  in  the  technical  and  societal  aspects  of  the 
conditions  that  will  result  from  the  deployment  of  energy  conversion 
systems  in  the  ORBES  region  for  the  years  1975  through  2000.  A  series 
iple  scenarios  have  been  developed  to  meet  these  objectives.  A 


m  respo' 


puts  into 


analytical  projection  which  attempts  to  portray  the  future 


fven  set  of  assumptions  about  the  future.  A  scenario 


hat  is  likely  to  happen  when  the  present  is  sub¬ 


jected  to  the  passage  of  tijaa  and  to  a  number  of  plausible  "what-if" 


questions . 


The  scenarios  are  based 


and  regional  electrical  energy  de: 


ing  estimates  of  future  national 


Lmp'artant  considerations  are 


the  growth  rate  of  the  population  and  th^  |  of  energy  (including 


electrical  energy)  per  person  that  will  be  nee 
period  under  consideration.  Energy  extraction 


g  the  time 


sources  available  for  utilization,  energy  transportation,  >^jid 
handling  and  processing  should  also  be  addressed. 

Four  scenarios  were  developed:  Scenario  1  uses  the  1975  Bureau  o 
Mines  (BOM)  (1)  forecast  as  the  basis  for  what  is  considered  to  be  the 


highest  probable  limits  of  energy  demand  and  generation  (i.e.,  highest 
economic  activity)  in  the  U.S.  for  a  given  rate  of  population  growth. 

The  fuel  mix  of  energy  conversion  facilities  was  set  at  80%  coal  and  20% 


nuclear  facilities  to  be  built  between  1985  and  2000. 


"'"Both  the  BOM  and  the  Ford  Tech  Fix  projections  use  the  U.S.  Bureau  of  the 
Census  estimates  for  population  growth. 
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Scenario  2  is  identical  to  Scenario  1  in  regard  to  the  assumed 
levels  of  economic  activity  and  population  growth.  Only  the  fuel  mix 
is  changed,  i.e.,  50%  coal  and  50%  nuclear  facilities,  are  presumed  to 
be  built  between  1985  and  2000.  The  line  labeled  "Bureau  of  Mines"  of 
Figure  C-l  characterizes  the  growth  of  electrical  production  (capacity) 


[er/both  Scenarios  1  and  2. 


In^Scena^i^s  3  and  4,  a  slower  growth  rate  of  electrical  energy 


consumption 


demand  is  used  as  a  basis  for  projections.  In  the  Ford 


Tech  Fix  scenarios^4rPw^-ng  out  of  the  Energy  Policy  Project  of  the  Ford 
Foundation)  (2)  much  f 4we/y^iiergy  generating  facilities  are  forecast  for 


the  year  2000.  Scenarios  3  inc 


.ffer  in  that  3  assumes  that  100%  of 


the  electrical  generating  capacity s^diied  or  replaced  will  be  coal  fired 
Scenario  4  presumes  100%  nuclear  replacement^,  or  additions.  The  line 
labeled  "Ford  Tech  Fix"  of  Figure  C-l  sh^ws  the  yg^owth  of  installed 


electrical  production  facilities  under  both 


iariosj3  and  4. 


The  differences  between  the  BOM  and  Ford  Tech 


rce 


narios,  in 


terms  of  electric  generating  facilities,  are  quite  signify cantX  ' The 


Mil 


x  on  Figure  C-l  shows  us  that  by  1985  actual  generating  facilities 
now  planned  will  lie  somewhere  between  the  two  extremes.  The  word 


"extremes"  is  perhaps  well  chosen.  In  all  likelihood,  both  the  Bureau 
of  Mines  predictions  and  the  Ford  Tech  Fix  predictions  represent 
extremes — one  an  extremely  high  and  the  other  an  extremely  low  projection 
of  installed  electrical  power  production  capacity  required.  However,  by 
analyzing  the  implications  of  these  extreme,  though  plausible,  futures, 
we  are  able  to  dramatically  contrast  the  whole  range  of  consequences 
and  impacts  that  these  very  different  futures  will  have  upon  the  region. 


' 
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GROWTH  OF  ELECTRICAL  PRODUCTION  -  BOM  AND  FORD  TECH  FIX  SCENARIOS 
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The  effect  is  that  through  this  process,  we  are  able  to  circumscribe 
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C.l  DESCRIPTIONS  OF  BUREAU  OF  MINES  SCENARIO 


The  projections  of  future  electrical  energy  conversion  facilities 


ii^  the  ORBES  region  from  1985  to  2000,  based  upon  the  Bureau  of  Mines 
ections,  presumes  an  approximate  growth  rate  of  5.8%  in 


electrical  ena^gy  (1).  In  the  BOM  scenarios,  it  is  assumed  that  1975 


planned  capa 
during  the  decade 
forecast  are: 


come  on  line  as  presently  planned  by  the  utilities 
985.  The  other  major  features  of  the  BOM 


Between  1974  and  2000 ^/Vhe  peA  capita  net  electrical 
energy  consumption  is  e^pecbecr  to  grow  from  30 
million  BTU  equivalent  toStirz  mildiohsBTU ;  in  the 
same  period,  per  capita  gross  electrical,  consumption 
is  expected  to  increase  from  93Sj^Lllion  ^^f^equivalent 
to  298  million  BTU. 

The  economic  activity,  as  measured  by  GNP, 
correlated  with  energy  consumption.  The  anti 
high  growth  in  economic  activity  implies  increasf 
energy  consumption  in  all  sectors,  including  electrics 
generation. 

The  availability  of  primary  fuels  is  relatively 
unrestricted,  though  their  price  effects  are  not  known 


4.  Major  technological  changes,  such  as  the  introduction 

of  commercial  breeder  reactors  and  synthetic  fuel  plants, 
are  expected  between  1985  and  2000.  (However,  in  this 
study,  the  RTCs  do  not  consider  the  possibility  of 
commercial  breeder  reactors  by  2000  in  the  ORBES  region.) 


C.1.1  THE  PROCESS  OF  PROJECTING  INSTALLED  GENERATING 
CAPACITY  FOR  ORBES  REGION  (BOM  1985-2000) 

The  projections  of  national  generating  capacity  for  1985  and  2000 
were  allocated  to  each  state  and  subregion  within  the  study  area.  The 
additional  number  of  plants  required  to  replace  those  retiring  during 
the  period  1985-2000  was  estimated  by  taking  a  percentage  of  the  national 
total  requirements,  based  on  an  assumed  useful  plant  life  of  about  35  years 


. 


, , 

,•  ; 


- 

»■ 


■ 

. 


'  " 


C.  1-2 


The  corresponding  figures  for  each  ORBES  subregion  were  obtained  by 


apportioning  the  state’s  capacity  and  additional  unit  requirements  to 
the  subregion  on  the  basis  of  that  subregion’s  percentage  of  the  state's 


19,85  capacity.  Details  of  the  calculations  are  in  reference  (4) . 


plants 


essential 


he  probable  size,  number,  location,  and  fuel  type  of  the  generating 
instructed  in  the  ORBES  region  between  1975  and  1985  are 

this  time  because  of  the  lengthy  lead  time  required 


to  develop  such  ti  p.s  (3).  However,  forecasting  attributes  of  the 


additional  generating  c^p< 
upon  several  assumptions  specif. 


required  for  the  1985-2000  period  depends 
the  Task  1  team.  One  of  the 


BOM-based  RTCs  was  given  a  mix  <\f  8$%  'coal- fired  and  20%  nuclear-fueled 
units.  The  standard  plant  unit  of  either  typeS^as  arbitrarily  determined 
to  be  1000  MW(E) . 

In  order  to  project  the  requirements  for  gen^ating  capacity,  the 
following  selected  operating  parameters  were  assumed 


Annual  Load  Factor 


Conversion  Efficiency 


Reserve  Capacity 


47.8  % 

31%  Nuclear 
37%  Coal 


15%  of  total  installed 
MW(E)  (same  as  17.6% 
of  peak  load) 


Given  these  parameters  and  the  energy  consumption  projections  in  the 
electrical  sector  of  the  BOM  projections,  the  required  capacity  to  be 
installed  in  the  United  States  by  1985  is  2,064,482  MW(E).  The  criterion 
used  to  apportion  the  national  capacity  to  the  individual  states  is  that 
each  state’s  share  of  the  installed  capacity  will  remain  approximately 
the  same  in  the  years  1985  and  2000  as  it  was  in  the  year  1975.  Currently 


. 
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the  four  states  together  account  for  approximately  16.8%  of  the  installed 
capacity  in  the  nation,  and  very  nearly  the  same  percentage  in  distributed 
electricity.  The  projected  capacity  required  in  each  state  is  shown  in 


The  fuel  types  and  sites  of  the  majority  of  the  plants  which  are 
planned  for  1976-1985  have  been  selected.  Consequently,  it  is  assumed 
that  only  the  plants  to  be  added  between  1985  and  2000  will  have  the  desig¬ 
nated  fuel  mix  between  coal  and  nuclear;  that  is,  80%  coal  -  20%  nuclear 
or  50%  coal  -  50%  nuclear.  It  is  also  assumed  that  the  rate  of  retirement 
of  generating  capacity  is  approximately  2%  of  the  existing  capacity  in  any 
given  year,  and  that  the  apportionment  of  the  state’s  projected  capacity 
to  the  0RBES  subregion  within  the  state  follows  the  same  principle  as 
that  used  to  apportion  the  national  capacity  of  the  four  states  (A) . 


. 
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The  following  tables,  C-2  through  C-5  (see  pages  C.l-5  &  6),  summarize 
the  projected  generating  capacity  for  the  ORBES  subregion  in  each  state  as 
a  function  of  time  (1985  vs.  2000)  and  RTC  (4). 


As  a  result  of  this  analysis  (and  the  Project's  Office's  request  that 
only  three  1000  MW(E)  nuclear  plants  be  located  in  Kentucky),  the  projected 


C.1.2  REGIONAL  TECHNOLOGY  CONFIGURATIONS 

Each  mini-assessment  team  developed  a  list  of  candidate  counties 
within  its  own  state(s)  which  appear  suitable  for  the  installation  of 
coal-fired  plants,  nuclear-fueled  plants,  or  both.  The  criteria  used  in 
siting  included  the  availability  of  water,  population  density  and 
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TABLE  C-2 


PROJECTED  POWER,  IN  MW(E) ,  IN  ORBES-ILLINOIS  FOR  THE  YEAR  2000 

WITH  DIFFERENT  FUEL  MIXES 

ORBES-KENTUCKY 


BOM 


FUEL 


50-50  Fuel  Mix 


80-20  Fuel  Mix 


1985 

Additions  Removals  Totals  Additions  Removals  Totals 
PLANNED  1985-2000  1985-2000  for  2000  1985-2000  1985-2000  for  2000 


Nat  Gas 
Hydro 


26 

87 


743 


52 


717 

87 


743 


52 


717 

87 


TOTAL  20,007  36,549 


2,672 


53,884  36,549 


2,672 


53,884 
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TABLE  C-4 


PROJECTED  POWER,  IN  MW(E)  IN  ORBES-KENTUCKY  FOR  THE  YEAR  2000 

WITH  DIFFERENT  FUEL  MIXES 

ORBES-KENTUCKY 


BOM 


50-50  Fuel  Mix 


80-20  Fuel  Mix 


FUEL 


1985 

Additions  Removals  Totals  Additions  Removals  Totals 
PLANNED  1985-2000  1985-2000  for  2000  1985-2000  1985-2000  for  2000 


18,570  16,771 

.0  16,770 


425 

32,916 

30,541 

2,425 

46,686 

— 

16,770 

3,000* 

— 

3,000 

136 

1,652 

1,447 

136 

1,652 

51 

805 

726 

51 

805 

... 

815 

... 

... 

815 

612 

52,958 

35,714 

2,612 

52,958 

TOTAL  19,856  35,714 


According  to  the  Project  Of  f  ice,  ( thr,ee  J1000  MW(E)  nuclear  plants  are  projected 
for  Kentucky. 


TABLE  C-5 


PROJECTED  POWER,  IN  MW(E)  IN  0RBES-0HI0  FO 

WITH  DIFFERENT  FUEL  MIXES 

ORBES-OHIO 

50-50  Fuel  Mix 


BOM 


80-2C 


FUEL 

1985 

PLANNED 

Additions 

1985-2000 

Removals 

1985-2000 

Totals 
for  2000 

Additions 

1985-2000 

Removals 

1985-2000 

ToJ^s 
fo*  20CK 

Coal 

25,495 

29,402 

3,396 

51,501 

47,942 

3,396 

69,141 

Nuclear 

875 

29,401 

— 

30,276 

11,761 

— 

12,636 

Oil 

921 

2,618 

284 

3,255 

2,618 

284 

3,255 

Nat  Gas 

2 

1,275 

72 

1,205 

1,275 

72 

1,205 

Hydro 

42 

... 

... 

42 

— 

- - 

42 

TOTAL 

27,335 

62,696 

3,752 

86,279 

62,696 

3,752 

86,279 
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FIGURE  C-2 

GROWTH  IN  TOTAL  INSTALLED  CAPACITY  -  TWO  BOM  SCENARIOS 
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distribution,  seismic  activity,  local  environmental  conditions,  and 
preexisting  power  plants.  The  Illinois  team  followed  site  selection 


procetfu 


by  utility  companies,  with  review  by  representatives  of 


major  ut 


The  final  s 


llinois  (5) . 


counties)  selected,  by  number  and  type  of  facility 


for  each  fuel  mix  and  QRBE&y*ub region,  are  included  in  Appendix  I. 

Figures  C-3  and  C-4  proViae  u|ap s/showing  where  power  generating  facilities 
would  be  located,  by  county,  udder  the  two  BOM  scenarios 
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C. 2  DESCRIPTION  OF  FORD  TECH  FIX  SCENARIO 


The  projections  of  future  energy  conversion  facilities  in  the 


OR]  ES  region  from  early  1970  to  2000,  based  upon  the  Ford  Tech  Fix  (2), 


sumption. 


roximate  growth  rate  of  1.9%  in  electrical  energy  con- 


assumptions  of  the  Ford  Tech  Fix  scenario  are: 


ices  and  government  policies  will 
effdxiency  in  energy  consumption. 


’er_  capita  net  electrical 
from  30  million  BTU 
riod  the  per  capita 
rate^Vlectrical 


Long-term 
encourage  gi 


Between  1973  and 
consumption  is  expected 
to  43  million  BTU;  in  t 
gross  energy  consumption  t 


energy  is  expected  to  increase  froi; 
to  117  million  BTU. 


JLion  BTU 


The  nation  will  benefit  from  direct 
resulting  from  the  application  of  energy  con 
technologies  at  the  point  of  energy  use,  and 
energy  savings  in  the  energy  processing  sector. 

The  existing  apparent  positive  correlation  between  GNP 
and  energy  consumption  need  not  hold  in  the  future  and 
hence  it  is  possible  to  reduce  energy  needs  without 
adversely  affecting  the  overall  economy.  As  a  result 
of  energy  savings,  the  cumulative  reduction  in  GNP  will 
be  small,  about  1.5%  less  in  1985  and  4%  less  in  2000. 


5.  Capital  investment  in  energy  savings  technologies  will 
be  less  than  that  required  to  continue  investing  in  new 
energy  conversion  facilities  at  the  present  national 
rate  of  growth. 

6.  Electricity  (and  petroleum)  will  be  expensive  forms  of 
energy. 

7.  The  U.S.  population  will  be  236  million  in  1985  and 

265  million  in  2000.  (This  population  growth  corresponds 
to  that  assumed  in  the  BOM  scenario.) 


<  !  > 
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C.2.1  THE  PROCESS  OF  PROJECTING  INSTALLED  GENERATING  CAPACITY 

BY  ORBES  SUBREGION  (FORD  TECH  FIX  1975-2000) 


The  Ford  Tech  Fix  is  a  more  complicated  scenario  than  the  BOM 
scenario.  Many  of  the  assumptions  involved  are  not  explicitly  stated 


and  most  are  interrelated. 


he  selected  energy  conversion  operating  parameters  for  this 


identical  to  those  in  the  BOM  scenario. 


Annhal  Load  Factor 


on  Efficiency 


47.8  % 

31%  Nuclear 
37%  Coal 

15%  of  installed  MW(E) 

(same  as  17.6%  peak  load) 


These  operational  parameters,  ij^coi^ilnction  with  the  national  Ford  Tech 
Fix  scenario  are  invoked  to  scale  down  the  four  state  region  and 

then  to  the  smaller  ORBES  region. 


Other  parameters,  such  as  plant  retirement 


capacity,  used  in  developing  the  regional  Ford  Tech 


d  peak  load 


lario  are  the 


same  as  in  the  BOM  scenario.  The  method  of  apportioning  th  i 


for  capacity  to  the  four  states  is  identical  to  that  detailed  inNihe  BO 


recast 


scenario.  Table  C-7  shows  the  anticipated  installed  capacity  in  the  /our 
states  using  the  Ford  Tech  Fix  model. 

As  can  be  seen  from  this  table,  the  installed  capacity  for  1985 
resulting  from  the  currently  planned  additions  and  removals  by  utilities 
from  1976  to  1985  is  considerably  in  excess  of  Ford  Tech  Fix  requirements 
in  the  four  states.  A  corresponding  situation  holds  for  the  ORBES  region 


of  the  four  states.  Because  of  this,  it  has  been  proposed  by  the  Illinois 
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group  that  delay  factors  be  introduced  into  planned  capacity  additions 
between  1976-1985.  At  the  request  of  the  ORBES  Project  Office,  the 
Illinois  group  has  developed  a  detailed  plan  for  reprogramming  the 
on-line  activation  of  new  installed  electrical  power  capacity  in  order 
to  more  closely  track  the  power  demand  between  1985-2000  projected  by 


by  year  of  planned  activity  and  type  of  fuel  and  listed  by  ORBES 
states  on  Table  C-8. 

b.  Table  C-9  shows  the  Ford  Tech  Fix  projected  installed  capacity 

required  for  the  ORBES  region  for  each  year  (1975-2000) .  Also  it 
lists  the  proposed  installed  capacity  for  the  years  1975  to  1994. 
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TABLE  C-8 


Year 

1976 

1977 


1984 

1985 
TOTAL 


ORIGINAL  PLANNED  ADDITIONS  AND  REMOVALS  (1975-1985)* 

ORBES  -  ILLINOIS 


Coal 

400 

550 

178 


Nuclear 


Oil 


Gas 

42 


Hydro 


Unknown 


600 

150 

550, 20 
600 


+4641 


4056 


ORBES  -  INDIANA 


Year 

Coal 

Nuclear 

Oil 

1976 

650 

477 

1977 

532 

1978 

668 

1979 

265  668 

527 

1980 

1981 

490 

490 

-1 

1982 

532 

3.5 

1983 

1130 

1984 

350 

1130 

1985 

100 

650 

TOTAL 

6399 

2260 

+3.5 

See  Tables 

lg/h-2,  4, 

6,  and  8  in 

Task  1 

(continued) 
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TABLE  0  8  (continued) 
ORBES  -  KENTUCKY 


Year 

Coal 

Nuclear 

Oil 

1976 

300 

65 

1977 

500 

425 

1978 

Gas 


Hydro 


Unknown 


1985 

TOTAL 


495-59 

200 


500  200'80( 
495  669  -681 

650  -111 

+7898-439 


Year 

Coal 

1976 

375 

1977 

615 

1978 

557 

375 

1979 

1980 

-64 

1981 

661 

375 

1982 

1983 

661 

375 

1984 

615 

1985 

TOTAL 

4609 

Unknown 


878 


-2 


-219 


40 


-183 


. 


\ 


\ 


’C 


C.  2-6 


TABLE  C-9 

A  PROPOSED  SYSTEM  FOR  THE  FORD  TECH  FIX  PROJECTION 


A  System  for  Delaying  Installation  of  Plants  in  Order  to  Meet  the  Ford  Tech  Fix  Projectioi 


1995 

1996 

1997 

1998 

1999 

2000 


Ford  Tech 

Fix  Installed 

Pro j  ection  Capacity 


Total  New 
Capacity 
For  Year 


Coal  Nuc  Oil  Gas  Hydro  Unknown 


84,165 

86,176 

88,235 

90,343 

92,501 

94,711 


2307 

2729 


2202 

2800 

591 

493 


63 


42 

-111 

-108 


40 


-130 
-  53 


1981 

~  63,200 

64,987 

538 

-26 

1982 

a/  64,000 

65,482 

49Vj> 

1983 

a/  64,800 

65,959 

477 

An 

\ 

1984 

a/  65,600 

66,156 

197 

S$7 

\ 

1985 

66,465 

66,522 

366 

416 

1986 

68,052 

68,394 

2646-774* 

1568 

1078 

1987 

69,678 

69,679 

2059-774 

1181 

878 

1988 

71,343 

71,470 

2565-774 

1415 

1078 

72 

1989 

73,048 

73,300 

2604-774 

1654 

950 

1990 

74,793 

74,909 

2383-774 

1182 

1130 

69 

1991 

76,580 

76,721 

2586-774 

1636 

950 

1992 

78,410 

78,412 

2465-774 

2465 

1993 

80,283 

80,672 

3034-774 

f 

2984 

50 

1994 

82,201 

81,778 

1880-774 

750 

1130 

(See  Table  C-10) 


*For  the  ORBES  region  11,610  MW(E)  of  capacity  will  be  retired  from  1985-2000.  If 
it  is  assumed  to  be  done  linearly,  774  MW(E)  will  be  retired  each  year. 
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By  1994,  the  net  added  capacity  originally  planned  for  the 
period  1975-1985  meets  the  growth  requirement  of  the  Ford 
Tech  Fix  scenario.  The  third  column  shows  the  net  capacity 


be  added  to  the  ORBES  region  for  each  year  and  the  addi- 


columns  show  the  type  of  fuel  for  the  plants  being 


oved.  Note  that  for  the  years  1986  through  1994 


the  pr 


Also  note 


oval  of  capacity  equals  774  MW(E)  per  year. 
hf  "-installed  capacity"  on  this  table  con¬ 


siderably  exceeds  It 


rd  Tech  Fix  requirements  at  the 


present  time  (1977)  and  ks^tTTeTKlinearized  to  meet  require¬ 
ments  of  the  scenario  in  ly85.\  This  result  is  also  apparent 


from  the  curves  in  Figure  C-5. 

c.  Table  C-10  programs  the  additions  of^new 


(E)  coal- 


meet  the  Ford  Tech  Fix  scenario  to  the  year  2 


fired  plants  c>r  new  1000  MW(E)  nuclear  plants  needed  to 


Th^se  16 


nuclear  plants  oir  27  coal-fired  plants  equal  the  net 
tional  capacity  originally  planned  for  addition  between 
1985  and  2000.  Note  the  estimated  removal  of  774  MW(E) 
capacity  for  each  year  from  1994  to  2000  on  this  table. 

d.  Table  C-ll  provides  the  proposed  new  time  sequence  by 
state  for  the  additions  and  removals  for  all  originally 
scheduled  plant  additions  and  removals  (1975-1985)  as 
detailed  by  Task  1  for  the  ORBES  region. 

e.  Tables  in  Appendix  II  provide  for  each  state  the  detailed 


new  schedule  of  plant  additions  and  removals  (including 


name,  location,  capacity,  and  fuel  type)  for  the  period 


FORD  TECH  FIX  PROJECTED  INSTALLED  CAPACITY 
AND  PROPOSED  INSTALLED  CAPACITY 


•  C.2-8 
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1976  to  1994  as  well  as  a  schedule  and  target  county(s) 
for  the  addition  of  either  600  MW(E)  coal-fired  plants 
)0  MW(E)  nuclear  plants. 


irocfe^ure  and  the  resulting  new  schedule  of  plant  additions 
sub  st  an  t^bgl/yOver  shoot"  of  installed  capacity  in  1985  which 
would  have  resulted  from  \the /originally  planned  schedule  of  plant 


additions  and  removals  (19/5-1985), 


;ribed  in  Task  1. 


Figures  06  and  07  following  the  tables  provide  maps  of  where  power 

>  /\ 

generating  facilities  would  be  located,  bycounfju  under  the  two  Ford  Tech 


Fix  scenarios. 


. 


DATES  FOR  NEW  PLANTS  FOR  FORD  TECH  FIX  1994 
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TABLE  C-ll 

NEW  DATES  FOR  BRINGING  PLANTS  ON-LINE:  1976-19941 

ORBES  ILLINOIS 


Year  Coal 


Nuc  Oil 


Gas  Hydro 


^These  represent  the  plants  to  be  added  or  removed  under  the  new 
time  schedule  in  place  of  the  original  schedule  (1976-1985). 


(continued) 
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TABLE  C-ll  (continued) 

NEW  DATES  FOR  BRINGING  PLANTS  ON-LINE:  1976-19941 


1990  532  1130  3.5  2 


1991 

1992  350 

1993  650 

1994  100  1130 

■^These  represent  the  plants  to  be  added  or  removed  under  the  new 
time  schedule  in  place  of  the  original  schedule  (1976-1985). 


(continued) 
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TABLE  C-ll  (continued) 

NEW  DATES  FOR  BRINGING  PLANTS  ON-LINE:  1976-1994' 


ORBES  KENTUCKY 


Year 


Coal 


Nuc 


Oil 


Gas 


Hydro 


500 

425 


1994 


650 


These  represent  the  plants  to  be  added  or  removed  under  the  new 
time  schedule  in  place  of  the  original  schedule  (1976-1985). 

(continued) 
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TABLE  C-ll  (continued) 

NEW  DATES  FOR  BRINGING  PLANTS  ON-LINE:  1976-19941 

ORBES  OHIO 


1990 

1991  661 
375 

1992  615 

1993 


■^These  represent  the  plants  to  be  added  or  removed  under  the  new 
time  schedule  in  place  of  the  original  schedule  (1976-1985). 


C. 2-15 


Jiacop- 
l -  z  ce  O 
cr  3  O  o 
OO^uj 
zm  oa 


§ 

g 

M 


100  kilometres 


o 

in 


o 


H 


100  kilometres 


C . 2-17 


REFERENCES 


1.  Dupree,  W.  G. ,  Jr.,  and  Corsentino,  .  S.  United  States  Energy 
Through  the  Year  2000  (Revised) .  Washington,  DC:  Bureau  of  Mines, 
ipartment  of  the  Interior,  December  ]975. 


fe  tl\ Choose  America’s  Energy  Future,  Chapter  3,  Final  Report, 
Foundation. The  Energy  Policy  Projects,  Cambridge,  Mass.: 
Lnger^  19* 


Electrical  G« 


and  Ohio  and  iiy"j 

5RBES  Region  -  1975  and  1985.  Chicago:  Energy 

Resources  Cente/,  Ui\ 
1976. 

\j/\ 

ty  of  Illinois  at  Chicago  Circle,  October 

4 .  Forecasts  of  Electrical  Pov\n/  and  Energy  Requirements  for  the  ORBES 


States  and  ORBES  Subregions 


Resources  Center,  University  o 
December  10,  1976. 


hicago  Circle, 


5.  Locations  of  Electrical  Generation  Units 

Within  the  Illinois  Section  of  the  ORBES  Reg 

Energy  Resources  Center,  University  of  Illinois 
November  1976. 


ar  2000.  Chicago:  Energy 


o  be  Constructed 

2000.  Chicago: 
Circle, 


. 

..  •:  ' 


.  -  . 

X 


D.l-1 


D.O  MINI-TECHNOLOGY  ASSESSMENT  OF  REGIONAL  TECHNOLOGY  CONFIGURATIONS 


D . 1  METHODOLOGICAL  APPROACH 


The  methods  used  in  comprehensive  technology  assessments  such  as  the 
ORBES  project  must  permit  the  team  to  analyze  the  relevant  relationships 
between  technological  deployment  and  their  associated  impacts,  and  to 


evaluate  the  direction  and  intensity  of  these  relationships  (1,2).  In 


par 


ar,  four  steps  are  important: 


ry  the  relevant  impact. 


between  levels  of  impacts 


ges  between  consequences  over  time  and  space. 

4.  Provide  inr/(rmaitiony  insight  and  optional  strategies  to 
decision  makers! 

The  process  of  a  compreheisL^J^A  is  complex.  Consequently,  an  effi¬ 


cient  system  of  bookkeeping  is  n 


and  their  functional  relationships  and 
members  of  an  interdisciplinary  team. 


y  to  keep  track  of  the  variables 


urage  integration  among 


models,  which  are  repre¬ 


sented  by  interaction  matrices,  help  to  meet  tjrese  requirements  (3,4,5  and  6) 


The  present  preliminary  impact  assessment  follows  aji»pcedure  which  is 
based  upon  information  gathered  from  a  set  of  interaction^ a tribes .  Three 


steps  are  involved,  each  corresponding  to  an  activity  in  tl 


ithodMogical 


framework  outlined  above.  The  emphasis  here  is  upon  a  qualitative  assi 
ment  of  significant  impacts  of  energy  system  functions,  the  majority  of 


which  is  associated  with  impacts  upon  the  physical  and  social  environment 


D.1.1  IDENTIFICATION  AND  CHARACTERIZATION  OF  SIGNIFICANT  IMPACTS 

The  identification  and  characterization  of  significant  impacts  is  the 
first  step  in  an  impact  assessment.  The  impacts  which  have  been  identified 


D.l-2 


by  the  team  as  significant  are  shown  on  a  master  interaction  matrix  in 
which  the  six  basic  functions  associated  with  coal-  and  nuclear-based 


energy  /conversion  technologies  are  the  components  of  the  vertical  axis, 


and  f 


axis  (Ta 


n  general  impact  categories  are  the  components  of  the  horizontal 
-10 .  The  impacts  are  those  which  the  assessment  team 


expects  to 


he  year  2000. 


The  nature  o 


pact,  or  interaction,  as  described  in  functional 


terms  (e.g.,  "decreas^/ln jag? icultural  land,"  "increase  in  acid  drainage," 
or  "climatic  change")  and  jcj^^ic  terized  according  to:  1)  probability  of 


occurrence;  2)  duration;  3)  intcn, 

The  significant  impacts  incl 
occur,  and  those  that  have  the  longest  d 


nd  4)  geographical  scale, 
se  impacts  that  are  most  likely  to 
and  intensity.  Most  of 


them  are  the  direct  consequence  of  one  or 


associated  with  technological  functions  of  the 


e  physical  processes 


rstem. 
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TABLE  D. 1-1 

MASTER  INTERACTION  MATRIX  OF  ENERGY 
FUNCTIONS  AND  IMPACT  CATEGORIES 


nJ 

a 

•H 


Impact 

Categories 

Energy 

Functions 

Land  Use 

Material  & 

Capital  Resources 

Transportation 

Water  Use 

i — 

Air  Quality  & 

Climatology 

—  — 

Water  Quality  & 

Hydrology 

Land  Quality  & 

Geomorphology 

Biological  ecolog: 

■U 

§ 

l 

o 

■ — i 

6 

W 

Demographic 

Economic 

Social 

Political 

Public  Health 

1.  P/Lan^t Construction 

X 

X 

X 

2.  ExtraKjt^An 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

SurJtade  MinikfX 

X 

X 

X 

X 

X 

X 

X 

X 

Deep  Mining//  X^ 

x; 

X 

X 

X 

X 

X 

X 

X 

X 

3.  Processing 

X 

X 

X 

X 

X 

X 

X 

X 

Cleaning  &  Milling/  \  x 

/A 

X 

X 

X 

X 

Concentrating 

A 

Enriching 

ny 

A- 

X 

X 

Fabrication 

X 

x  \ 

/a 

4.  Transportation 

X 

X 

L 

> 

X 

^  X 

X 

X 

X 

Raw  Materials 

X 

X 

X 

/x 

X 

Fuel 

X 

X 

X 

)/ 

V 

Electricity 

X 

X 

JJ 

JX^ 

Waste 

X 

X 

5.  Conversion 

X 

X 

X 

X 

X 

V 

tC 

,  X 

X 

X 

X 

Electrical  Generation 

X 

X 

X 

X 

X 

J 

'X 

X 

X 

Low  BTU  Gasification 

X 

X 

X 

/ 

X 

Hi  BTU  Gasification 

X 

X 

X 

x. 

6.  Waste  Disposal 

X 

X 

X 

X 

X 

X 

/ 

X 

X 

\ 

X 

Thermal 

X 

X 

X 

X 

X 

Ash  (Coal  &  Nuclear) 

X 

X 

X 

X 

X 

X 

X 

Scrubbers 

X 

X 

X 

X 

X 

7.  Utilization 

X 

X 

X 

X 

X 

X 

Industrial 

X 

X 

Commercial 

X 

X 

Residential 

X 

X 

Transportation 

X 
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D.1.2  IDENTIFICATION  OF  PARTIES  AT  INTEREST 


Parties  at  interest  are  the  various  individuals  and  groups  affected 
in  some  manner  by  the  various  energy  functions.  In  an  objective  sense, 
most  people  living  in  the  same  community  will  share  all  the  identified 
s.  All  persons  living  within  fall-out  range  of  smokestacks  will 


However, 


degree  of  public  health  damage  is  created  by  their  emissions 


their  particular  circumstances  different  individuals 


will  be  affecte 


fferent  degrees.  Asthma  sufferers  will  be  objec¬ 


tively  affected  to  4  greaterAlegree  by  increases  in  air  pollutants  than 
others  in  the  community.  '^JevArthel&^s ,  if  an  accurate  measure  of  each 


of  the  impacts  were  available. 


be  possible  to  measure  the 


objective  degree  of  impact  felt  by  each  afc  >erXof  a  community,  as  well 


as  the  cumulative  impact  for  the  entire  c 


In  addition  to  such  objective  impacts,  subj 


erceptions  of 


ntifiable 


on 


impacts  are  also  important.  Parties  at  interest  are 
by  their  perception  of  various  impacts  which  increased 
facilities  have  on  them.  Some  will  perceive  the  impact  in  its  "objective 
terms;  others  will  either  fail  to  perceive  an  impact  at  all,  or  perceive 
that  one  exists  which  has  no  objective  measure.  These  several  types  of 
impacts  are  categorized  in  Figure  D.l-1  where  +  indicates  that  an  impact 
exists  (either  objectively  or  perceptually)  and  0  indicates  that  it 


does  not. 


It  may  be  possible  to  identify  specific  interests  in  particular  com¬ 
munities  and  predict  their  reaction  to  the  siting  of  a  conversion  facility 
near  them.  However,  most  people  in  most  communities  play  multiple  roles. 
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SUBJECTIVELY 

PERCEIVED 

IMPACT 


OBJECTIVE 

IMPACT 

+ 

0 

+ 

++ 

+0 

0 

0+ 

00 

r-yiGURE  D  .1-1  OBJECTIVE  IMPACTS  VERSUS 

y  \  "subjectively  perceived  impacts 

and  some  of  these  roles  will!  -«^conflict  in  reactions  to  the  impacts 


or  such  facilities.  For  examp 


etail  businessman  who  increases  his 


income  from  increased  business  may  alsc/be  ansasthma  sufferer  who  objects 
to  dirtier  air.  Table  D.l-2  identifies  g^neraz/ca^gories  of  individuals 
who  might  be  expected  to  respond  in  some  manner o^itherr  negatively  or 
positively,  to  increased  energy  conversion  facilities'vn  ORBES .  A 
single  individual  may  be  represented  several  times  in  this  |li^5t,  at 
some  citizens  may  not  appear  in  any  category.  Consequently,  we  Should 
never  lose  sight  of  the  collective  interest  of  all  residents  of  communi¬ 
ties,  because  the  reactions  of  some  of  these  individuals  may  not  be  pre¬ 
dictable  regardless  of  how  comprehensive  our  list  of  interests  becomes. 

The  first  section  of  the  list  identifies  economic  categories  because 


one  logical  way  of  reacting  is  according  to  one’s  economic  role.  However, 
a  second  type  of  category  is  also  represented:  noneconomic  roles.  It 
is  likely  that  a  person  who  is  represented  in  the  first  half  of  the  table 


(aj  business  executive,  laborer,  farmer)  may  also  be  represented  among 
s  (a  recreationist,  environmentalist,  church  member,  etc.) 


organizat 


may  or  may  not 


to  identifying  the  categories  of  people,  interested 


y  or  may  not  exist  in  any  given  community,  and 


the  projected  period  have  been  identified 


These  organizations  are 


constituents,  but  it  is  also  p 


as  representing  the  interests  of  the 


at  they  may  generate  responses 


separate  from  their  memberships. 


League  of  Women  Voters  or  churches,  it  i< 


their  constituents  except  in  terms  of  the  or 


s,  as  for  example  the 


ible  to  identify 


raation/Ny 
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TABLE  D. 1-2 


PARTIES  AT  INTEREST 


ECONOMIC  GROUPS  &  ORGANIZATIONS 

irialists 

;ion  companies 
\consumers  of  energy 

consumption  industries 
Lo^r-^6rg^\consumption  industries 
Trade  /sSoci arsons 

National  A^ocAfitftion  of  Manufacturers 


Retail  trade 

Small,  independent 
Large,  chain/franchise 
Chamber  of  Commerce 
Junior  Chamber  of  Commerce 

Labor 

Miners 

Construction  workers 
Transportation  worders 
Relevant  unions 

Agriculture 

Corporate  farmers 
Family  farmers 
Tenant  farmers 
Farm  Bureau 

National  Farmers  Organization 
Grange 


NONECONOMIC  GROUPS 

Environmentalists 
Audubon  Society 
Sierra  Club 

National  Resources  Defense 
Council 

Recreationists 


Rod  and  Gun  Clubs 
Izaak  Walton  League 

General 

Ad  Hoc  groups 

In  favor  of  development 
In  favor  of  conservation 
Churches 

League  of  Women  Voters 
J  /V  Kiwanis 
y/  xfoose 

/\  E> 

\&ave  the  Valley 


Recreation  Industry 

Resort  owners 
Marina  operations 
Trade  Association 


Professional  Service 

Health  &  A.M.A. 

Law  &  A.B.A. 
Education  &  N.E.A. 
Media 

Real  Estate  Industry 

Trade  Association 


Landholders 

Absentee 

Income  property  holders 
Residents 
Historic 
Newcomers 
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D.1.3  POTENTIALLY  RESPONSIVE  AGENCIES 


or  publ 


y,  public  agencies  such  as  the  Soil  Conservation  Service 
agencies  in  a  community  may  represent  a  constituency, 


but  may  alsty  ri*ise  issues  of  their  own.  Consequently,  they  have  been 
identified  separat  -^fhese  same  agencies  will  play  at  least  two 

roles  in  public  policy.\  Toey  will  have  reactions  to  specific  impacts 

nversion  facilities.  They  will 


from  the  development  of  addi 


also  be  the  agencies  to  which  o' 


when  making  their  demands  for  change  o 


le-players  in  the  system  will  turn 


they  constitute  the  potentially  responsr 


ration  of  impacts.  Thus, 


described  in  the 


following  sections  of  the  report.  A  partial  hown  in  Table 

D.l-3. 


D.  1-9 


TABLE  D. 1-3 

POTENTIALLY  RESPONSIVE  AGENCIES 


^Public  Agencies  (Federal,  State  and  Local) 

G^ja^ral  elective/professional  managers 
Municipal 


Zoning 
Plan  c 
State 


pervisors 

members 


Functional  officials 

Sanitation  distric 
Solid  waste  disposal 
Pollution  control  ag 
Educational 
Cultural 
Public  health 
Welfare/unemployment 
Fire  protection 
Law  enforcement 
Police 

Prosecutors/Public  defenders 
Judges 
Agriculture 
Recreation 

Park  districts 
Fish  and  wildlife 
Economic  development 
Lab or /management 
Water  resources 
Transportation  authorities 


*These  agencies  are  both  parties  at  interest  and  potentially  responsive 
agencies.  Examples  of  specific  agencies  are  given  for  the  significant 
impacts  identified  in  the  following  section  of  this  report,  in  which  the 
significant  impacts  of  the  RTCs  are  assessed. 
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D.1.4  IDENTIFICATION  OF  POLICY  GOALS  AND  OPTIONS 


It  is  necessary  to  break  down  the  discussion  of  any  public  policy  into 
o^d^mensions .  The  first  concerns  the  policy  goals  which  must  be  chosen 
:  the  second  deals  with  the  various  methods/options  by  which 


decisio 


this  project  to 


seek  to  achieve  those  goals.  It  is  not  the  purpose  of 


policy  goals  for  society.  However,  in  order  to 


identify  policy  options,  it/ is  necessary  to  spell  out  what  the  goals  may  be 


and  how  they  interact  wi£h  pot 


options . 


Policy  goals  can  be  dividefl  into Jseveral  levels.  The  most  general 
level  concerns  the  size  of  demand /supply/of  energy  in  the  Ohio  River  Basin. 
Logical  options  range  from  net  decreaseNm  supply/^mand  for  energy  to 
unlimited  growth  in  demand/supply .  Task  1  has/a^f ined  pasically  two  futures 


to  be  assessed  in  Task  2:  very  large  increases  in  ejje 


ipply/demand  and 


moderate  increases  in  supply/demand.  Both  of  these  goals 


presumptions  of  increased  population,  increased  industrial  prodibs^iion, 
increased  per  capita  consumption  of  energy  in  the  ORBES  region,  and, 
possibly,  increased  export  of  energy  from  the  region.  There  is,  however,  no 
reason  to  restrict  decision  makers  to  these  presumptions. 

Given  the  general  goal  of  increasing  energy  supply /demand,  two 
secondary  policy  goals  may  be  addressed:  conservation  in  energy  use  and 
increased  number  of  energy  conversion  facilities  in  the  ORBES  region. 
Obviously,  supply/demand  for  energy  in  the  ORBES  region  will  be  affected  by 
supply/demand  in  regions  exogenous  to  ORBES.  However,  for  purposes  of  this 
study,  these  variables  will  not  be  considered. 

In  order  to  attain  the  secondary  policy  goals  (reduced  growth  in  the 
demand  for  energy  and  increased  number  of  energy  conversion  facilities) > 
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several  different  policy  options  are  available.  These  policy  options  may 
be  divided  into  two  categories:  economic  controls  and  direct  regulation. 
These  types  of  policy  options  are  depicted  in  Table  D.l-4,  and  some 
examples  are  given  in  each  cell,  but  these  examples  are  meant  to  be  neither 
comprehensive  nor  mutually  exclusive.  For  example,  if  some  degree  of  the 
policy  goal  of  energy  conservation  is  selected,  two  main  types  of  economic 
ityols^are  available:  expenditure  of  public  funds  and  manipulation  of 
revCTiu^^ais^^devices .  Public  funds  could  be  used  on  research  to  develop 
nontraditionejs^energy  systems  using  sources  that  are  replenishable.  The 


purpose  would  be 


ice  reliance  upon  and  conserve  fossil  fuels.  In 


addition,  by  direct  reg»l/(tn.on  consumers  could  also  be  given  tax  incentives 


to  invest  in  such  alternate  ei 


*y  systems. 


Direct  control  of  energy  pr: 
direct  regulation  of  utilities  rather  t 
company  is  under  strict  regulations  to  compi^T 


bodies  is  considered  to  be 


ic  control,  because  the 


cts  which  such 


direct  price  controls  have  on  the  consumer,  however. 


omic  or 


indirect,  because  the  energy  user  is  expected  to  respond  toNincveab^d 
prices  by  reducing  his  demand  for  the  supply,  but  he  is  under  nox^rect! 
to  do  so.  A  more  direct  regulation  of  his  behavior  would  be  rationing 
energy  to  individual  types  of  consumers  or  restricting  the  use  of  energy 
for  particular  purposes.  For  example,  regulations  could  be  made  to  show 
preference  for  residential  heating  during  periods  of  low  supply  and/or  low 
temperatures . 

Both  secondary  goals  of  reduced  demand  and  increased  supply  have 
impacts.  They  are  characterized  in  general  in  Table  D.l-5.  Once  the 


impacts  from  secondary  goals  have  been  identified,  it  is  possible  to 
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continue  to  the  next  level  of  policy  goals  and  consider  ameliorative  goals. 
In  the  case  of  reduced  demand  for  energy,  for  example,  it  is  speculated 
that  one  economic  impact  would  be  unemployment  in  energy-intensive  sectors 
or  the  economy.  One  obvious  ameliorative  goal  for  this  impact,  therefore, 

'I 

Q  be^increased  employment  in  nonenergy-intensive  sectors  of  the  economy 


The  po 


goal  woul 


available  to  public  decision-making  bodies  to  reach  this 


economic  and  direct  regulatory  methods  discussed  in 


Table  D.l-4 


Impacts  from  the  ^o 
been  identified  in  section  D. 


goal  of  increased  conversion  facilities  have 


orative  goals  can  be  identified  for 


each  of  these  impacts,  but  thes\ar^ dependent  on  goal-setting  decisions 


of  thiX  s 


by  policymakers.  It  is  not  the  purpos< 
but  to  lay  out  some  of  the  logical  possib^it: 


tudy  to  choose  among  them, 
te  possible  ameliorative 


goal  for  an  environmental  impact  would  be  to  abatV^oJAutants .  If  this 
goal  is  chosen,  the  same  categories  of  policy  optiorfBaxe  available  to 
decision  makers.  Examples  of  these  are  given  in  Table  D.l-p>^In  ad^itioni, 
it  is  necessary  to  identify  the  governmental  level  at  which  these  policy 
options  may  be  adopted.  All  three  levels  of  government  could  potentially 
use  all  policy  options,  although  in  some  cases  there  is  a  greater  likelihood 
of  one  of  the  levels  adopting  that  option.  For  example,  the  federal 
government  is  more  likely  to  be  able  to  afford  to  finance  research  on  solar 
power  than  are  states  and  localities.  However,  that  does  not  preclude  the 
latter  from  using  its  funds  in  this  manner.  States  are  more  likely  to  use 
their  planning  authority  to  control  the  siting  of  specific  energy  conversion 
plants  than  are  localities  or  the  federal  government.  Zoning  laws  do  not 


always  cover  energy  conversion  facilities,  and  there  is  presently  no 
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federal  land-use  planning  law.  This  is  not  to  say,  however,  that  local 
oi ]^k  authorities  are  precluded  from  ever  using  their  authority  in  this 


way 


e  U.S.  Congress  prevented  by  anything  other  than  the  political 


ess  from  formulating  a  national  land-use  planning  law. 


In  addition, 


oj,icy  option  presently  in  use  is  the  enforcement 


responsibility  of  some  spe<A*led  agency  (or  agencies)  of  government.  For 


example,  the  Nuclear  Regulator 


the  Environmental  Protection  Age 


ion,  the  Federal  Power  Commission, 
,tc.,  be  identified  as  agencies 


with  regulatory  responsibilities.  Also 


agencies  charged  with  roles  to  utilize  rese 


technologies  for  energy  conversion  facilities.  OtheK-ag  enemas  may  presently 
have  such  responsibilities  and  many  more  may  receive  such  t^spom 


cies  as  ERDA  and  NSF  are 


d  to  develop  new 


in  the  future. 
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TABLE  D. 1-4 

TYPES  OF  POLICY  GOALS  AND  OPTIONS 


POLICY  GOALS 


Policy  Options 
'Economic) 


lenditures 
•esearch  and 
.opmeiW  and 


Public  revenues 
taxation: 
Rates/credits 
Increase-decrease 
Depreciation  of 
facilities 


Policy  Options 
(Direct  Regulation) 

Price  controls 


Rate  regulation 


Reduced  Demand/ 
Conservation 

Development  of  non- 
traditional  energy 
systems  for  use  in 
home  and  industry 

Tax  credit  for  energy 
^conserving  in  the 
lome  and  industry 


Higher  prices  to 
reduce  demand 

Preferential  price 
for  users  with  less 
elasticity  of  demand 


Increased  Supply/ 

More  Energy  Conversion 

Gasification  of  coal 
Liquid  metal  fast  breeder 
Solar 


Preference  taxation  for 
particular  energy  forms 
Tax  credits/rapid 
depreciation  for  energy 
conversion  facilities 


prices  to  induce 
of  more 
energf  aOurc> 

Pref er^pt<al  prrc,mg  for 
preferred  energy  rt>rms 
and/or  users 


Load  levelling  pricing 
(peak  load  -  higher) 


D. 1-15 


TABLE  D. 1-5 

IMPACTS,  GOALS,  AND  OPTIONS 


Policy  Goals 

Reddced  demand/ 
cods  e*"<^t  ion 


Increased  s 
more  energy 
conversion 


Impact  from 
Policy  Goals 

Increased  unemploy¬ 
ment  in  energy- 
intensive  economic 
sector 

emographic 


Pub: 

Polil 


Ameliorative 

Goals 

Increased  employment 
in  non-energy-inten- 
sive  economic  sector 


Control  increased 
cost-of-living 
Control  conflict 
Abate  pollutants 
Prevent  deterioration 


Policy  Options 


See  Table  D.l-4 


See  Table  D.l-4 


TABLE  D.l- 
POSSIBLE  POLICY  OPTIONS  FOR  ONE 


Ameliorative 

Goal 


Policy  Options/Tools 


Abate  Pollutants  Economic: 


R  &  D  for  new  technology 
Tax  incentives  to  apply 
present  technology 
(effluent/emission  charges) 
Charge  for  not  applying 
present  technology 
(effluent/emission  charges) 


Governmental  Lev 


Primary  federal/state 
Federal/ state/local 


Federal /state/ local 


ype  of  Agency 
t^sJmplement 

Re  s  eaccfh\ERDA , 
nsf/ NIH,  EPA 
Tax:  IRS,  state 
revenue,  local 
assessors 
Charge:  Federal 
EPA,  STATE  EPA 


Direct  Regulation: 

Standard  setting  Federal/state  EPA 

Permit  Issuance  Federal/state  EPA 

Monitoring  permit  use  Federal/state  EPA 

Violation  prosecution  Federal/state  EPA 

Penalty  application  Federal/state  Courts 


‘ 


I 
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D .2  OVERVIEW  OF  ASSESSMENT  PROCEDURE 


Figure  D.2-1  provides  a  schematic  view  of  the  flow  of  the  ORBES 
assessment  process.  After  characterizing  the  ways  in  which  power  facilities 
might  be  deployed  (the  4  scenarios),  the  physical,  environmental,  social 
and/political  impacts  are  identified  and  assessed  to  the  year  2000. 

Fwlture  power  plant  deployment  is  assessed  as  that  deployment’s 
physical/ impacts  upon  land,  materials,  transportation  and  water.  In  turn, 


physical 


(ts  a^e  translated  into  impacts  upon  environmental  quality. 


In  parallel,  socjqiygrconomic.  and  political  assessments  are  being  conducted 
to  determine  the  range  of  impacts  upon  the  population  of  the  region.  The 


two  stems  of  the  analysi^' are  combined  in  a  determination  of  policy  alterna¬ 


tives  to  achieve  acceptable 


The  impact  assessment  in 


presented  in  a  series  of  summary  tab 


s  of  public  health  and  well  being, 
on  in  this  preliminary  report  is 


category.  Each  summary  table  is  prece 


general  types  of  impacts  to  be  considered 


for  each  general  impact 


arrative  describing  the 


tegory  and  comparing, 


where  possible,  the  impacts  expected  to  result  f^omtlia  4  scenarios.  The 
most  significant  impacts  in  each  impact  category  are\listed,  by  energy 
function,  in  the  left-hand  column  and  then  characteriz^^Cby  symbols) 
separately  for  the  new  facilities  which  are  planned  under  the  differing 
projects . 

The  differences  in  impacts  between  the  scenarios  are  considered 
separately  in  order  to  determine  the  relative  importance  of  fuel  mix  and 
siting  patterns  in  impact  change.  After  identifying  and  comparing  impacts, 
the  tables  also  identify  impacted  parties,  how  they  are  impacted,  what 
the  issues  are,  the  policy  options,  what  agencies  might  deal  with  the 
problem  and  what  the  likely  results  might  be. 


D.  2-2 


The  information  contained  in  these  tables  has  the  following 


^ntif ication  and  characterization  of  the  impacts 
tative  judgements  based  upon  existing  public 


Most  of  t 
energy  sys 


unct 

physical  and  biplo 


pacts  are  first-order  consequences  of  the 
ons,  and  are  concentrated  in  the 
1  impact  categories. 


3. 


The  assessment  is 
the  aggregate  impacts 
and  geographical  dist 
technologies  of  the  year 


icale,  and  hence  considers 
associated  with  the  type 
>f  energy  conversion 


•• 


. 


J 
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Figure  D.2-1 

FLOW  OF  ORBES  ASSESSMENT  PROCESS 
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D . 3  LAND  USE  IMPACTS 


The  primary  impacts  of  coal-  and  nuclear-related  energy  functions  on 
land  use  result  from  the  conversion  of  land  from  present  uses  to  energy- 
related  uses.  Land  areas  devoted  to  extraction,  processing,  conversion. 


the  cat 


isposal,  transportation  of  materials  and  electricity,  as  well  as 


d  in  the  utilization  of  the  electricity  produced,  fall  within 


imary  land  use  impacts.  These  impacts  are  summarized. 


characteriz 


ared  for  each  Regional  Technology  Configuration  (RTC) 


in  Table  D.3-1 


It  is  evident  from 


able  that  the  Bureau  of  Mines  RTCs  will  have 


more  severe  land  use  impacts  t 


of  the  functions.  The  difference 


ech  Fix  RTCs.  This  is  true  for  each 


t  result  of  the  greater  amount 


of  electrical  power  required  under  the  BOM  RTCs .  ]  A  more  detailed  comparison 


of  the  RTCs  and  their  constituent  functions  c 


the  amount  of  land  involved.  This  has  been  done  for 


ved  by  estimation  of 


RTCs  and  will  be 


done  for  the  Tech  Fix  RTCs  as  soon  as  an  acceptable  time  p 
Tech  Fix  power  plants  is  agreed  upon. 


Table  D.3-2  presents  a  comparison  of  selected  land  use  requirements /for 


r  the 


the  two  BOM  RTCs.  Only  those  functions  likely  to  result  in  significant 
land  use  changes  within  the  ORBES  region  are  included.  Thus,  uranium  ex¬ 
traction  is  not  treated  since  it  is  extremely  unlikely  that  the  low  grade 
uranium  deposits  of  the  region  will  be  developed  before  the  year  2000. 
Other  functions,  such  as  material  transportation,  have  not  been  included 
because  their  estimation  requires  site  specific  analysis  at  a  level  of 
detail  smaller  than  the  county  level  siting  specified  in  the  RTCs.  Land 
use  changes  resulting  from  utilization  of  electrical  power  have  not  been 
included  due  to  the  difficulty  involved  in  estimating  the  magnitude  of 
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COMPARISON  OF  LAND  USE  REQUIREMENTS  FOR  BOM  RTCs* 
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Totals  may  not  agrjre  due  to  rounding  error. 


such  changes.  Coal  gasification  plants  are  not  included  because  the  size 
of  the  low  Btu  plants  in  still  under  discussion. 

The  values  in  Table  D.3-2  represent  the  cumulative  land  requirements  (in 
square  miles)  for  each  of  the  BOM  RTCs  over  the  pertinent  time  periods. 

Right  justified  figures  represent  totals  for  functions  and  left  justified 
f igyre^^epresent  totals  for  subfunctions.  Meaningful  interpretation  of 


these 


dependent  upon  knowledge  of  the  assumptions  involved  in 


each  estii\ation T/^hese  assumptions  are  given  below. 


Coal  Extraction 


3  X  106  tons  of  coaljy^^  :or  each  l,00o  MWe  coal-fired  generating  unit 
operating  at  full/capicity  (1,  p.  ld-2b;  2,  p.  346;  3,  p.  130). 

1/3  of  utility  coal  used  iif  0RBES  hegion  is  imported  from  outside  ORBES 


region  until  1985  (agred^b^Il  Task  II  Team). 


1985  amount  of  coal  imported  into  0 
2000  (agreed  by  IL  Task  II  Tea 


on  remains  constant  until 


50%  strip,  50%  underground  extraction  of  ORBES 
IL  Task  II  Team) . 


30%  strip,  70%  underground  extraction  of  ORBES  coal  in  (a^eed  by 

IL  Task  II  Team) . 


Conversion  facilities  come  on  line  in  a"Tr±li^ar  fibsjiion  for  entire  period 
(1976-2000)  (agreed  by  IL  Task  II  Team)> 


1976  (agreed  by 


15%  strip,  85%  underground  extraction  of  ORBES  coal  in  2000  (agre9<l 
IL  Task  II  Team) . 


Surface 


/770  fsH*  x  /U  £  HIS****  -  Y/O^ 


484.5  acre/106  tons  coal  disturbed  by  surface  extraction  in  ORBES 
(2,  p.  346). 


u\ 


7 


Underground 


-  / 


27/t/c 


285.9  acres/10  tons  coal  disturbed  by  underground  extraction  (in¬ 
cludes  area  subject  to  subsidence)  in  ORBES  (2,  p.  346). 


' 


r  .  .  '  ^  • 
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Uranium  Extraction 

Unlikely  to  occur  in  region  before  2000. 


Coal  Processing 


300  acres/1,000  MWe  — one  such  site  required  for  each  1,000  MWe  generating 
unit  located  at  mining  site  and  therefore  included  in  extraction  land 
(2,  p.  246). 


Straight  line  connection  to  nearest  189  kv  or  greater  line. 

Minimum  of  10  miles  needed  to  connect  into  grid. 

Of  the  land  use  impacts  listed  in  the  table,  clearly  coal  extraction  is 
the  most  serious.  Out  of  a  total  of  4,608  square  miles  affected  under  the 
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BOM  80-20  RTC,  4,199  square  miles,  or  about  91%,  is  due  to  coal  extraction. 


The  total  listed  for  the  BOM  80-20  RTC  represents  about  3%  of  the  land  area 
of  the  ORBES  region.  Comparable  figures  for  the  BOM  50-50  RTC  are  somewhat 
lower  due  to  emphasis  on  coal  development  within  the  region  in  the  BOM  80-20 
RTC  as  opposed  to  a  greater  degree  of  uranium  development  outside  the  ORBES 
reg/on  under  the  BOM  50-50  RTC.  The  figures  for  extraction  may  be  inflated 

umption  that  the  coal  plants  will  operate  at  full  capacity  and 
the  fact  that  VO-and  theoretically  subject  to  subsidence  is  included  in 
the  deep  extrit^i^n  subtotal.  These  high  estimates  may  be  compensated  for 
by  the  exclusion  of  J  r^rn^l  required  to  operate  the  coal  gasification  plants. 
The  BOM  50-50  RTC  rdq  \  more  land  than  the  BOM  80-20  RTC  for  both  con- 


/ 


version  sites  and  transmission 


generating  site  for  two  reasons: 


uclear  plants  require  more  land  at  the 
uffar  zone  is  required  for  safety  pur¬ 


poses;  and  2)  larger  cooling  ponds  are  r 
is  important  to  keep  in  mind  also  that  land 


be  taken  out  of  production  for  many  hundreds  of  yea 
of  the  plant  due  to  radioactive  contamination  of  the  sit 


case  for  coal-fired  plants.  More  land  is  required  for  trans 


dissipate  waste  heat.  It 


nuclear  reactors  will 


er  the  useful  life 


his  is  not  the 


nes 


from  nuclear  plants  because  population  density  constraints  near  nuclear  si^es 
require  that  they  be  located  further  from  load  centers.  For  both  RTCs/  the 
estimated  land  requirements  for  transmission  lines  are  extremely  low.  It 
was  assumed  that  only  one  connection  into  the  existing  grid  was  required,  al¬ 
though  in  actual  practice,  multiple  grid  connections  are  necessary  to  ensure 
the  reliability  of  the  system.  It  was  further  assumed  that  nearby  existing 
transmission  lines  could  carry  the  added  capacity  of  a  new  generating  station 
This  is  clearly  not  the  case  in  many  instances.  Land  use  requirements  for 


transmission  lines  should  be  expanded  by  at  least  a  factor  of  three  to  be 


more  realistic. 


Much  additional  site  specific  information  is  required  before 


■*  '  .  T 
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accurate  estimates  of  transmission  line  requirements  can  be  calculated. 

Although  not  included  in  Table  D.3-1,  both  BOM  RTCs  will  require  ex¬ 
tensive  amounts  of  land  at  the  utilization  end  of  the  function  spectrum. 
The  BOM  scenario  is  based  on  the  premise  that  population  and  per  capita 
consumption  of  electrical  energy  will  increase  substantially.  Even  after 


disoounting  for  the  substitution  of  electrical  energy  for  oil  and  natural 


livin 


trial,  co 


scenario  implies  a  greater  population  with  a  higher  standard  of 


dicates  a  substantial  increase  in  land  devoted  to  indus- 


idential  and  transportation  uses.  Urbanization  im¬ 


pacts  will  extend 


the  ORBES  region,  at  least  to  the  parts  of  Illinois, 


Indiana  and  Ohio  not'  in  the 


utilization  impacts  on  1 


ion.  Differences  between  the  BOM  RTCs  due  to 


negligible. 


The  major  impact  of  the  land  use  qhanges  indicated  above  will  likely 


be  on  land  which  is  currently  use 


agnichltural  purposes  (including  pri¬ 


vately  owned  forest  land) .  This  preliminary  conclusion  is  based  on  the  fact 


that  most  of  the  ORBES  region  is  currently  us 


:or  agriculture  and  that 


the  sites  suitable  for  energy  and  urban  development 


alsa  suitable  for. 


and  are  currently  used  for,  agricultural  purposes. 

As  mentioned  above,  land  requirements  for  the  Tech  Fix 
yet  been  estimated.  However,  it  is  safe  to  conclude  that,  based  on  the^  ^ 
pacts  listed  and  the  assumptions  concerning  land  requirements,  the  Tech  Fix 


RTCs  will  require  substantially  less  land  use  change  than  the  BOM  RTCs.  The 
comparison  will  be  quantified  in  a  future  report. 

In  addition  to  the  primary  impacts  discussed  above,  second-  and  higher- 
order  impacts  on  land  use  may  prove  to  be  significant.  For  example,  it  is 
reasonable  to  assume  an  influx  of  workers  and  their  families  into  areas  where 
energy  development  will  take  place  (see  section  on  demography) .  These  workers 


will  require  additional  housing  and  services,  and  therefore  land  use  changes 
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are  inevitable.  It  is  also  conceivable  that  food  prices  may  rise  faster 
than  other  commodities  due  to  significant  reductions  in  the  amount  of  prime 
agricultural  land. 

A  further  purpose  of  this  report  is  to  go  beyond  the  identification 
and j  dimeter izat ion  of  impacts  by  identifying  impacted  parties  and  exploring 


instit 


impacts . 


The  parties  int 


marily  an  economic  i 


angements  potentially  capable  of  reducing  the  severity  of 


epresentation  of  this  effort  is  presented  in  Table  D.3-1. 
land  use  can  be  categorized  as  those  having  pri¬ 
st  (business ,  farmers,  landowners  and  the  real  es¬ 


tate  industry)  and  those 


tionists,  environmentalists  and 


The  relevant  issues  revolve 


intervention  in  the  form  of  zoning  or  1 


regulation  of  land  restoration.  The  first 


marily  a  non-economic  interest  (recrea- 


roups) . 


limiting  energy  development  to  areas  most  suitable 


tions  of :  1)  government 

nning;  and  2)  government 


encomoasses  the  option  of 


nergy  development 


or  conversely,  excluding  energy  development  from  areas  mbet  suitable  for 

\  y\_ 

other  uses.  The  second  issue  includes  the  option  of  returnin^energv  de¬ 
velopment  land  to  productive  use  by  requiring  land  restoration.  These  pWicy 
options  have  the  potential  for  reducing  impact  severity  to  an  acceptable  level 


if  implemented  by  the  potentially  responsive  institutions. 


*  . 


" 


1 


.  • 
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D. 4  MATERIAL  &  CAPITAL  RESOURCES  IMPACTS 


The  major  impact  of  the  two  Bureau  of  Mines  RTCs  on  material  resources 


is  the  reduction  of  non-replenishable  material  reserves  such  as  coal,  oil, 
gas,  uranium,  ferrous  material,  non-ferrous  ores,  and  construction  materials. 
Tae  t*#o  Ford  Tech  Fix  RTCs  provide  a  much  lesser  impact  on  material  resources 


than 


Tfce  increased  use  of  coal  as  an  energy  source,  of  course, 


reduces  Xhat 


at  a  more  rapid  rate.  As  time  passes,  current  air 
standards  legisl^i^o^/^^ll  relegate  high  sulphur  coal  (most  of  that  in 
the  ORBES  region)  as  a  Aon-«f£i*rgy  resource.  The  use  of  (legal)  coal 


also  stresses  other  areas , /sue! 


^ansportation j  western  low-sulphur 


coal  must  be  brought  into  the  OR^ES  j^gion .  This  transportation  impact 
can  be  lessened  by  developing  successful  /ommebcial  methods  to  remove 


energy  resource 


se  of  which  requires 


sulphur  from  eastern  coal  and  thus  reinstating  i 
again.  One  such  method  is  wet  stack  gas  scrubb 
large  quantities  of  limestone  (lime) . 


The  overall  thermal  efficiency  for  fossil  plants  is  abo 
eastern  Kentucky  low  sulphur  coal  using  no  scrubbers.  It  is  near  this 
value  for  western  coal  too.  Plants  with  scrubbers  have  reduced  efficiencies 
of  about  36%.  Light  water  reactors  (LWR)  plants  can  approach  33%  thermal 
efficiency  at  best  and  may  be  as  low  as  31%  when  energy  intensive  thermal 
discharge  schemes  are  used. 

Fossil  plants  provide  much  higher  temperature  and  pressure  steam  than 
nuclear  plants,  resulting  not  only  in  the  higher  thermal  efficiency  just 
noted,  but  the  use  of  more  compact  turbo-generators.  The  coal-fired  boiler 
supplies  steam  to  a  3600  rpm,  two  pole  turbo-generator,  while  the  nuclear 
reactor  must  be  connected  to  a  larger  but  slower  1800  rpm,  four  pole 


turbo-generator.  The  low  speed  unit  is  about  half  again  as  large  as  the 
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high  speed  turbine.  Given  a  finite  amount  of  material  resources,  there 
is  less  impact  in  building  coal-fired  turbo-generators  than  a  nuclear 
steam  supply  system  with  turbo-generators.  There  are,  of  course,  other 


The  main  impacjr  of\ the/arowth  scenarios  will  be  the  reduction  in  coal 


ORBES  region  coal  reserves  due  ta  tha^four  RTCs  being  studied.  Both  types 


in  tons  or  in  BTUs .  Coal  reserves  refers  to  the  total  re cover apleN^mount 
in  tons  or  in  BTUs.  Environmental  restrictions  and  economics  define  the 


percentage  of  resources  which  are  recoverable  for  a  given  mining  operation. 
In  the  State  of  Illinois,  for  example,  there  is  an  estimated  coal  resource 
of  approximately  161  billion  tons.  Using  current  mining  techniques,  only 


45%  is  recoverable.  This  implies  that 


billion  tons  in  Illinois  alone.  Of  this  reserve,  12  billion  tons  can  be 
obtained  from  surface  mining  operations,  and  the  remaining  53  billion 
tons  can  be  recovered  through  underground  mining.  Without  the  use  of 
commercial  sulphur  removal,  much  of  these  reserves  are  no  longer  a  legal 
energy  source. 


Western  coal  deposits  and  ORBES  region  deposits  are  significantly 
different  in  many  properties.  The  coal  found  within  the  four-state  region 
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has  a  high  sulfur  content  with  the  exception  of  Eastern  Kentucky  coal. 
The  sulfur  content  varies  with  each  different  deposit,  however,  for  the 
purpose  of  this  study,  an  average  sulfur  content  of  3.5%  will  be  assumed 


for  ORBES  regional  coal.  The  western  coal  has  a  sulfur  content  of  less 


adds 


Burning  high-sulfur  coal,  without  sulfur  removal  equipment, 


e  levels  of  pollutants  into  the  air.  There  are  many 


res tricti 


meeting  these  re 


ng  the  combustion  of  high-sulfur  coal.  The  cost  of 


ons  with  ORBES  coal  justifies  importing  large  amounts 


of  low-sulfur  west c qa i ; 


There  is  also  a  si 


and  ORBES  regional  coal.  For 


western  coal  is  assumed  to  be  8, 


11,500  BTU/lb.  Therefore,  a  greater  qu 


Cent  difference  in  the  BTU  content  of  western 


dy,  the  average  heat  content  of 


/ lb.  and  for  ORBES  regional  coal 


of  western  coal  is  required 


to  produce  the  same  amount  of  electric  e 


There  are  a  variety  of  mining  techniques 


coal  is  removed 


through  open-pit  operations.  The  coal  seams  are  ve 


i qk  and  an  85-90% 


extraction  efficiency  can  be  achieved.  The  coal  miningN^  tha'sORBES 

region  consists  of  strip  and  underground  mining.  Coal  dep^slXs  greater 

\  \ 

than  50  cm  thick  at  depths  less  than  45  meters  are  considered  strippaj 
coal  resources.  Deposits  greater  than  70  cm  thick  at  depths  more  chan  45 
meters  are  considered  deep  or  underground  mining  resources.  The  amount 
that  can  be  practically  recovered  depends  largely  upon  the  terrain.  The 
thicker  deposits  will  naturally  be  exploited  first.  The  average  deposit 
thickness  of  coal  mined  in  Illinois  in  1970  was  1.9  meters.  This  is  somewhat 
thicker  than  many  other  states.  The  extraction  efficiency  of  a  strip  mine 


operation  is  approximately  80%. 
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The  extraction  efficiency  of  underground  mines  depends  largely  on 
the  type  of  operation.  In  areas  where  land  subsidence  has  little  impact, 
such  as  in  hilly,  sparsely  populated,  nonfarming  land,  as  much  coal  is 
removed  as  possible.  The  mine  is  expected  to  collapse  after  the  coal  is 
removed,  resulting  in  land  subsidence.  The  extraction  efficiency  of  this 
tVpe  of  operation  is  65  to  70%.  In  areas  where  land  subsidence  cannot  be 
tfpienlated,  i.e.  populated  areas  with  a  large  grain-farming  industry, 
pillers/  of  coil  are  left  unmined  to  insure  against  land  subsidence. 
Extraction— 67^1 cier^sy  of  45-50%  results  from  this  kind  of  operation. 

The  total  amo -rna  1  required  per  generating  unit  depends  on  the 
type  of  coal  used.  Fon  comparative  purposes,  a  36%  overall  plant  efficiency 
and  47.8  capacity  factor  was  fsy£^4fnecT\  The  following  table  shows  coal 
required  per  year  for  a  BOM  sceiV^ri^sJ, OOO^MW (E)  unit  and  a  Ford  Tech 
Fix  600  MW(E)  unit: 

TABLE  D.4- 


Coal  Required  for  a  BOM  100 
and  a  Ford  Tech  Fix  600  MW(E) 


Size  of  Unit 

Exclusively  Western 
8,500  BTU/lb .  fuel 

Regi'on  ! 

rely  ORBES 
.1,500  BTU  fuel 

600  MW(E) 

(FTF) 

1.38  million  tons 

1.03  mi 

1,000  MW(E) 

(BOM) 

2.32  million  tons 

1.73  million  tons 

Tons /year  of  coal  required 


If  regional  coal  (high  sulfur)  is  chosen  for  the  fuel,  then  SO^ 
removal  equipment  is  required  to  meet  air  standards.  This  requires  cumber¬ 
some  equipment  which  would  reduce  the  overall  plant  efficiency  from 
36%  to  34%,  requiring  about  5%  more  coal  than  indicated  in  the  chart. 


■  V  >'•  ■ 


. 


' 
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An  acceptable  method  of  coal  combustion  is  to  bum  a  mixture  of  western 
and  regional  coal.  The  mixture  would  be  such  that  the  amount  of  high 
sulfur  regional  coal  is  maximized  while  still  remaining  within  air  standards 
The  following  tables  demonstrate  the  increases  of  coal  production 
iary  for  each  of  the  scenarios.  The  table  is  based  on  the  assumption 
:em  voal  will  supply  one-third  of  the  total  energy,  except  that 


Ken  t  uck^wil^- us 
meet  air  standa 


^ts  own  eastern  coal,  which  is  low  enough  in  sulfur  to 

47.8  capacity  factor  and  35%  efficiency  were  assumed 


TABLE  D. 4-2 


Electric 
Coal  in 


Consumption  of 
Tons  Per  Year 


1975  /  \ 

1985 

ORBES  Portion 
of  State  Only 

Imported 

Western 

Coal 

OR$ES  )  y 

Regichaal^/ 
Coal  /\ 

N.  Imported 
Western 

v  Clal  , 

ORBES 

Regional 

Coal 

Illinois 

7.9 

11.8 

16.0 

Indiana 

8.2 

12.2 

13.1  ^ 

A 

.  6 

Ohio 

16.0 

23.9 

19.7 

• 

CTN 

CNJ 

/ 

Kentucky* 

19.2 

32./ 

ORBES 

Total 

32.1 

67.1 

43.6 

97.2 

*Kentucky  is  not  expected  to  import  western  coal,  since  there  are 
low  sulfur,  high  BTU  coal  deposits  being  mined  in  Eastern  Kentucky. 
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TABLE  D.4-3 

Projected  Electric  Utility  Consumption  in  2000 
of  Coal  in  Millions  of  Tons  Per  Year 


1  BOM 

BOM 

Ford 

Fix 

Ford 

Fix 

50- 

-50 

80- 

-20 

100% 

Coal 

100% 

Nuclear 

QlRBJ^  Portion 
tefr  s/ateQnly 

Imported 

Western 

ORBES 

Regional 

Imported 

Western 

ORBES 

Regional 

Imported 

Western 

ORBES 

Regional 

Imported 

Western 

ORBES 

Regional 

Illinois 

21.1 

31.5 

28.3 

42.3 

10.2 

15.2 

9.0 

13.5 

Indiana  / N. 

V 

36.6 

32.4 

48.5 

13.7 

20.5 

11.2 

16.7 

Ohio 

_J>9  •  4 

53.4 

79.7 

24.0 

35.9 

17.1 

25.5 

Kentucky* 

n 

M 

80.8 

33.0 

27.8 

ORBES 

Total 

85.4 

V 

184. 6, 

>251.3 

47.9 

104.6 

37.3 

83.5 

*  Kentucky  is  not  expected  to  'Import  Western  coal  since  there  are  low 
sulphur,  high  BTU  coal  deposits  being' mined  in  Eastern  Kentucky. 


As  expected,  the  BOM  80-20  scenario^xe^esehsts  the  greatest  coal 
consumption  impact.  Approximately  four  times  as  mj/ch  coal  will  be  consumed 


in  the  ORBES  region  in  2000  as  in  1975  for  the  B 


tun  ^ 


}  mix.  The  electric 
e  /totalSvCoal  used 
/\N 


utility  industry  on  a  national  scale  consumed  66%  of  thp 
in  1974. 

There  are  abundant  coal  resources  in  the  ORBES  region  and  in/the 
western  region  to  meet  any  of  the  projected  demands.  However^,  the  coal 
production  industry  (mining  and  processing)  must  be  increased  significantl 
The  coal  production  in  1975  was  78  million  tons  from  Illinois,  28  million 
tons  from  Indiana,  and  50  million  tons  from  Western  Kentucky. 


(A  0}^ 
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Second  order  impacts  resulting  from  this  increased  coal  consumption 
rate  involve  transportation,  land  use,  pollution,  and  ash  disposal  at 
plant  sites.  The  transportation  system  between  the  western  coal  mines  and 
the  ORBES  generating  units  will  have  to  be  greatly  expanded. 


i  imestone 


1  be  a  significant  impact  on  the  lime-limestone  industry 


should 


equipment,  employing  wet  lime  or  limestone  scrubbing, 


be  used  extens 
material  in  the 
operations .  The  quan 


the  future.  Limestone  is  generally  a  plentiful 
Lpn  and  is  mostly  obtained  from  open-pit  mining 
lime,  limestone,  or  other  carbonate  material 


required  for  flue-gas  desulfjjdjl zatidji  for  a  particular  plant  would  depend 
on  the  sulfur  content  of  the  cbal  ^urned^  and,  more  significantly,  on  the 


existing  EPA  emission  standards. 


Either  crushed  raw  limestone  or  p 


wet  scrubbing  process.  The  production  of  lime 


can  be  used  in  the 


imestone  is  a  very 


energy-intensive  industry.  Approximately  7.5  M  BTtf'Xre  required  to  produce 
one  ton  of  lime.  About  2.2  tons  of  lime  are  used  to  remover  one\ton  of 
sulfur  from  the  flue  gas.  If  limestone  is  used,  about  4.7  toHs  areN^eeded 
to  remove  one  ton  of  sulfur. 

The  total  tonnages  of  limestone  and  other  carbonate  materials  required 
to  meet  the  potential  new  demand,  should  SO^  scrubbers  be  utilized,  are 
quite  large.  However,  on  a  national  scale,  the  impact  to  the  overall 
limestone  industry  (800-900  million  tons  per  year  in  1974)  would  be 
relatively  small.  This  new  demand  would  increase  the  existing  production 


by  only  3-4  percent.  the  ORBES  states  would  represent  a  large  portion  of 


this  new  market. 
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If,  however,  because  of  economic  and  operation  advantages,  lime  is 
chosen  as  the  reactant  in  the  wet  scrubbers,  the  impact  on  the  lime 
industry  would  be  very  significant.  To  meet  this  new  demand,  the  national 
(qlnd  ORBES  regional)  supply  of  lime  will  have  to  be  significantly  increased, 
Line  industry  is  currently  operating  near  capacity,  so  any  new  demand 
woultf  necessitate  opening  new  quarries  and  the  construction  of  new  plants. 


The  locat! 


if  thbee  new  plants  would  preferably  be  near  the  power  units. 


An  important Tlryp act  of  using  SO^  wet  scrubbers  is  the  waste-disposal, 


land-area 


'/  \  z 

requirements!  waste  (ash  and  sludge  -  CaSO^)  produced  by 

operating  SO^  scrubbers  on  a 11Q0^-M[^(E)  3-4%  sulfur  coal  would  fill  1000 
acre  areas  25  feet  deep.  Leachjmg  of  Jacid  from  the  sludge  could  become  a 


site  storage  problem. 

A  possible  second-order  impact  would  be  a 
quantity  of  coal-limestone  water  in  the  river 


that  is  available  for  the  making  of  Kentucky 


order  impact  is  local  or  at  most  multi-county,  higher  or 
the  quality  of  this  product  may  be  global  (5) . 


Construction  Materials 


ge  in  the  quality  and 


entucky  in  particular) 


reas  this  second- 


Construction  of  the  new  power  plants  will  have  a  short-time  local 
impact  on  the  availability  of  material  (crushed  rock,  gravel,  cement, 
lumber,  and  road  material)  and  large  dirt-removing  equipment.  Site  counties 
could  experience  shortages  of  these  things  during  the  3-4  year  peak  construction 
period.  Nuclear  units  being  designed  for  greater  seismic  loads  use  more 
material  and  have  a  longer  construction  period  than  coal  units. 

An  accurate  estimate  of  construction  materials  is  difficult  to  obtain 


because  they  are  all  site  specific  and  emphasize  material  needs  that  may  be 
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in  short  supply  in  the  area.  Table  D.4-4  approximates  the  construction 
materials  used  for  a  two  unit  PWR  plant  at  Braidwood,  IL  totalling  2240  MW(E) 

TABLE  D.4-4 

Approximate  Quantities  of  Construction  Materials 
for  PWR  Plant  at  Braidwood,  Illinois 


iter^ta! 


Approx.  Quantity 
Used  in  Plant 
(Tons) 


Material 


Approx.  Quantity 
Used  in  Plant 
(Tons) 


Alumlnjjnp'''  'N 

90 

Silver 

2 

Copper  ( 

//\  4000 

Steel 

20,000 

Lead  ^ 

Os  15 

Zinc 

200 

Nickel 

Other 

400 

ons) ,  chromium  (300  tons) ,  with  small 

gold,  mercury,  molybdemium,  platinum, 


Other  includes  asbestoc 
quantities  of  beryllium^ 
tin,  and  tungston. 

Construction  of  two  950  MW(fc^)  ETNRd  at  ^Clinton,  Illinois  indicates  a 
greater  need  for  steel  than  is  noted  in  /h<  fie  above.  Their  literature 
on  construction  shows  a  need  of  43,000  tom  RebarS^lone  and  5214  tons  of 
structural  steel. 

The  Clinton  plant  site  requires  a  dam  and  spillx 
that  may  use  some  of  the  added  steel.  The  rest  of  the  diffe 
requirement  may  be  a  typical  difference  between  BWR  and  PWR  reactors. 

A  positive  impact  at  Clinton  site  should  be  noted.  The  arterial  /oads 
have  been  improved  to  handle  the  heavier  than  usual  truck  traffic  during 


cooling  water 
rence  lKsteel 


construction. 

The  concrete  required  at  the  Clinton  plant  is  estimated  at  461,000 
cubic  yards.  This  is  equivalent  to  the  concrete  needed  for  a  50-mile 
section  of  a  four-lane  interstate.  If  all  nuclear  units  took  the  same 


amount  of  concrete  and  coal  units  somewhat  less,  the  BOM  50-50  mix  requires 
enough  concrete  to  pave  about  4000  miles  of  interstate.  The  Ford  Tech 


'  / 


Ji 


'  r  v 
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Fix  RTC  would  need  concrete  equivalent  to  900  miles  of  four-lane  inter¬ 
state.  Note  that  the  4000  miles  is  on  the  order  of  existing  interstates 
in  the  region.  One  would  expect  that  local  shortages  of  good  quality 


construction  material  will  exist  during  the  construction  phase  of  each 


ock  and  gravel  are  normally  obtained  locally  because  it  would 


be  uneco 


several  local  so 


it  a  long  distance  by  truck.  This  drain  may  deplete 
of  gravel  and  crushed  rock.  This  would  provide  an 


additional  land-use  injpac^^ocally  which  could  range  from  insignificant 


to  severe  depending  on  fc 


D.4.2  URANIUM 


'and  local  terrain. 


Exploration  for  uranium  requires^^re^d^l^ing  of  holes  in  the  earth's 
surface  to  identify  and  delineate  economic  uranium  >ieposits  in  order  to 
establish  known  reserves  for  future  recovery.  Th^ydmounL  of  known  reserves 


discovered  is  proportional  to  the  amount  of  feet  dril 


Exploration 


holes  drilled  for  uranium  and  other  resources  perforate 


surface  of 


our  country  to  the  extent  that  it  is  hard  to  find  a  suitable  locatioi 
underground  where  the  integrity  of  storage  is  not  penetrated.  Filling 
such  holes  to  ensure  integrity  is  difficult  and  expensive.  Cataloging 
of  exploration  drillings  is  far  from  complete.  Many  wildcat  drilling 
records  have  been  lost  and  holes  have  been  left  uncapped.  Most  of  the 
U  S  A  ’s  uranium  comes  from  sandstone  and  mudstone  deposits  of  the  Colorado 
Plateau,  the  Wyoming  Basins,  and  the  Gulf  Costal  Plains  of  Texas. 

As  a  resource,  uranium  has  been  used  mainly  for  its  energy-producing 
potential.  Its  use  as  a  heavy  metal  has  been  limited;  depleted  uranium, 


being  stronger  than  lead,  is  used  as  a  shielding  material  against  gamma 


rays . 
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The  potential  of  uranium  as  an  energy  source  depends  upon  its  use  in 
nuclear  reactors.  The  anticipated  growth  of  nuclear  power  will  consume 
presently  known  reserves  by  the  early  2000’s  if  the  uranium  is  used  strictly 
in7light  water  reactors  of  either  the  pressurized  water  reactor  (PWR) 

ing  water  reactor  (BWR)  type  with  a  throwaway  cycle.  Using  plutonium 


in 


half  ce 


erated  mixed  oxide  form  will  extend  the  energy  available  another 


the  plutonium  is  utilized  in  breeder  reactors,  such  as 


the  liquid  met 


resource  can  be 


t  breeder  reactor  (LMFBR) ,  the  energy  from  the  uranium 
ehlSff"  several  centuries. 


The  LMFBR  makes  iis< 


the  plutonium  economy  of  uranium.  Another 


form  of  uranium  fuel,  thoriim 
temperature  gas-cooled  breede 


so  available.  Thorium  used  in  high 


ors  can  breed  U-233,  which  can  approximately 


double  the  potential  energy  available/f rom\iranium. 


Both  uranium  and  thorium  are  widespread 


the  Ohio  River  Basin, 


but  they  are  in  concentrations  (low  ppm)  th£t\are  presently  uneconomical 
to  recover.  They  are  obtained  mainly  from  undergjqujid'^fliver  basins  in 
the  Rocky  Mountain  states  in  0.1  to  0.2%  quantities  inN 

As  far  as  uranium  ore  depletion  is  concerned,  this  study  assumed  that 

™  V 

if  an  ore  deposit  required  underground  mining  because  of  depth,  only  about 
50%  or  less  of  the  ore  in  the  deposit  would  be  recoverable  due  to  the 
mining  method  used.  If  surface  mining  is  used,  80%  or  more  of  the  ore  is 
assumed  to  be  recoverable. 

Uranium  mining  provides  an  impact  on  transportation  requirements  on 
a  site  or  local  basis.  A  complete  ore  hauling  system  may  need  to  be  developed 
from  the  ore  site  to  a  suitable  milling  and  ore  concentration  site. 


Transportation  may  be  by  truck,  rail  or  endless  belt,  depending  upon  the 


site . 


'  .  V"  i  ^ 
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Considering  a  60%  capacity  factor  for  nuclear  units  with  no  fuel 
recycle,  the  yearly  mining  requirement  for  each  1000  MW(E)  power  plant 
is  about  110,000  tons  or  ore.  This  ore  is  transported  something  less 


than  50  miles  to  a  milling  operation  to  get  about  191  tons  of  natural 


umnium  out  of  it.  The  reamining  material  is  solid  tailings  at  the  mill 
#*cit  Zont£ 

they  ar4  now  s)  source  of  radioactivity.  If  the  uranium  came  from  an  open 


226  230 

ins  radioactive  Ra  and  Th  that  has  been  unearthed  so  that 


pit  mine. 


iuch\  2.5  x  10  tons  of  overburden  may  also  have  been 


moved. 


Identifiable  imp  a  uranium  mining  are:  reduction  in  uranium 

reserves;  land  use  for  open  oitAuL^underground  mining  in  the  Colorado 
Plateau,  the  Wyoming  Basins  anA/or.  thyb  Gulf  Coastal  Plain  of  Texas;  building 


roads  from  the  mines  to  the  mills  if  t] 


not  exist;  uncovering  low- 


level  radioactivity  by  removing  overburden;  loy-^evel  radioactivity  from 
solid  tailings  at  the  mill;  acid  or  basic  watefc.runor'f  from  the  milling 


operation;  and  some  local  airborne  particle  discharge 


operation  at  the  mill.  The  shipping  of  natural  uranium 


the  crushing 


is  negli¬ 


gible  in  any  form  of  impact.  Each  reactor  requires  an  in: 


about  430  tons  of  natural  U„0  . 

3  o 


Considering  the  most  intensive  nuclear  commitment,  the  BOM  50-50 

mix,  the  eighty  eight  1000  MW(E)  plants  would  require  about  38,000  tons 

of  Uo0o  for  initial  loads  and  have  a  lifetime  UQ0  commitment  of  about 
3  o  3  o 

504,000  tons.  This  amounts  to  about  1/2  of  the  USA's  probable  $30/lb. 
resources.  This  may  mean  several  things: 

1.  The  BOM  50-50  is  too  great  a  nuclear  commitment  if  only  LWR's 


are  considered. 


‘  J 


* 
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2.  Mixed  oxide  reloads  (plutonium  recycle)  wil  be  a  necessity  and 

possibly  as  economic,  hence  easing  the  UQ0o  requirement. 

3  o 

3.  The  breeder  reactor  must  be  commercial  and  as  far  along  as  the 


LWR  by  2000  to  2010. 

4.  The  thorium  cycle  of  high- temperature  gas-cooled  reactors,  light 
ater  breeder  reactors,  and  gas-cooled  reactors  may  need  to  be 
used  jto  extend  the  energy  calendar  should  fusion  be  further  off 


resently  thought. 

The  BOM  80-2^'lyLx  has,  of  course,  a  lesser  impact  on  uranium  ore 
requirements,  but  it  is  g/^dter  than  either  of  the  Ford  Tech  Fix  RTC's 


As  a  matter  of  fact,  the'l00!| 
of  the  region  capacity  being rn 


Tech  Fix  case  ends  up  with  only  10% 


This  is  a  lower  percentage  than 


exists  presently  in  the  state  of  Illinois. 


D.4.3  FERROUS  ORES 


A  considerable  amount  of  iron  and  steel  are  n 


RTCs.  If  only  the  power  plant  requirements  are  conside1  d,  more  ferrous 


r  the  various 


ore  is  required  for  nuclear  plants  than  for  coal-fired  pi 


include  the  coal  handling  equipment  and  scrubber  at  the  plant  site. 


s  would 


nuclear  plant  has  a  larger  turbo-generator  and  a  larger  concrete  structure 


for  the  turbo-generator  than  the  coal  plant.  The  primary  and  secondary 
reactor  containment  vessels,  and  piping  and  water  clean  up  systems,  are 
more  elaborate  than  the  coal  boiler  and  sulfur  removal  equipment.  If  the 
transportation  equipment  required  to  support  the  nuclear  and  coal  fuel 
systems  is  included  in  the  comparison,  the  coal  system  seems  to  be  more 
ferrous-ore  intensive,  mainly  due  to  the  coal  car  requirements  and  daily 


use  of  the  transporatation  system  (especially  if  by  rail) . 
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The  reserves  of  ferrous  ores  are  not  in  the  ORBES  region;  hence  any 
depletion  impact  is  on  the  national  supply.  The  material  required  is 
significant,  but  in  terms  of  reserves,  is  rather  small. 

Conversion  of  ferrous  ores  to  special  steels  provides  a  generic  impact 
tot  all  nuclear  plants,  since  the  material  is  nuclear  stamped  (N-stamped) 
t  each  heat  of  steel  can  be  traced  for  possible  generic  faults  or 
s.  Critical  components  in  the  nuclear  steam  supply  system 
material;  hence  a  fault,  say  a  crack  developing  in  one 


reactor  piping 


',  may  require  the  examination  and  possible  interruption 


of  operation  of  otmer  Ireac^ors  that  have  similar  generic  designs  or  material 

\77 

heats.  This  may  be  a  p i\ts  feature  in  terms  of  safe  operation  in  detecting 


impending  failures;  however. 


faults  are  isolated  and  not  fo 


interruption  of  operation  where  such 
be  /generic.  Additional  reserve  capacity 


has  to  be  built  into  the  power  systei^to^hana^e  such  shutdowns. 

D.4.4  FINAL  IMPACT  AND  ENGINEERING  ECONOMIC/^NALrf^  OF  THE  FOUR  SCENARIOS 


The  cost  of  electric  energy  distributed 


to  tfr^'^^nsumer  is  made  up 


of  two  major  parts,  an  investment  charge  and  a  production  ^ost  chat  includes 


distribution. 


Investments  and  the  Four  Scenarios 


The  investment  cost  for  a  coal-fired  power  plant  is  less  than  for  a 
comparable  nuclear  plant,  resulting  in  a  correspondingly  lower  investment 
charge.  To  be  competitive  with  coal,  the  nuclear  plant  must  offset  this 
first  cost  disadvantage  by  having  a  considerably  lower  fuel  cost,  and  in 
most  cases  for  base  load  applications,  it  does.  There  must,  therefore, 


be  a  typical  set  of  economic,  legal,  environmental,  social,  etc.  conditions  that 


T  V, 
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would  lead  the  ORBES  region  to  have  either  the  BOM  50-50  mix,  the  BOM 

80-20  mix,  the  Ford  Tech  Fix  100%  coal  mix,  and  the  Ford  Tech  Fix  100%  nuclear 

mix. 


To  be  more  specific,  neither  of  the  BOM  scenarios  would  come  about 
electric  energy  costs  remained  comparatively  low  and  the  energy 
growtm^Jtslik.ewise  stimulated  by  the  nation's  economy.  The  BOM  50-50 
mix  woulsi  materialize  most  logically  with  the  nuclear  units  exhibiting 


a  lower  energy  cbst 


base  load  operation.  If  this  attractiveness  did 


not  exist,  the  percentage  of  .nuclear  units  purchased  by  electric  utilities 

\J/\ 

would  not  have  reached  tnpr  50h50 .-proportion  with  coal.  Similarly,  the 
BOM  80-20  mix  would  occur  onTsk^f  the ^relative  cost  of  electric  energy 
was  low  to  stimulate  the  energy  gfvtffh  anoShat  the  nuclear  plant  first 


cost  was  much  larger  than  for  coal  uni 


percentage  of  nuclear  units  could  be  affor 


other  impacts  along  with  this  one  will  determine  t^h^rsoum^ess  of  either 
of  the  BOM  scenarios.  Whereas  only  the  first  cost  dif  fei?en  tial^sbe  tween 


is  manner,  only  a  small 


baseSload  units.  The 


nuclear  and  coal  plant  cost  was  cited  several  other  items 


contribute 


in  shifting  the  plant  mix.  It  should  be  noted  that  the  1975-85  mix  no 


spoken  for  by  electric  utilities  is  near  the  50-50  mix  ratio.  Some  items 
that  may  affect  electric  utilities  decision  making  are: 


1.  Relatively  higher  uranium  ore  prices. 

2.  Higher  fabrication  cost. 

3.  A  wider  differential  in  first  cost  of  nuclear  and  coal  plants. 

4.  Continued  indecision  on  mixed  oxide  fuel  for  LWR's  (plutonium 
recycle) . 

5.  Quite  an  increase  in  spent  fuel  reprocessing  and  unfavorable 


radioactive  waste  disposal  policy. 
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6.  Some  reduction  in  future  coal  prices,  transportation  costs  and/or 
sulfur  removal  equipment. 

7.  Proven  reliability  of  SO^,  removal  technology. 

8.  Favorable  mining  conditions  for  ORBES  coal  and/or  for  western 


coal  resulting  in  an  economic  advantage. 


Tech  Fix  mixes  can  only  be  justified  by  high  energy  cost 


af fecti 
to  limit  pe 
in  the  materials 


^wth  of  our  economy  along  with  rigid  conservation  measures 
nergy  use.  It  may  also  have  been  caused  by  shortages 

^urcc? 


fe^surccs  area,  failure  to  meet  designated  discharge 
limits  by  new  units  nova  p/ahiied.  The  shift  between  nuclear  and  coal  is 


for  reasons  similar  to  that  ft 


ie'two  BOM  scenarios. 


Financial  Impact  of  Scenarios 

The  financial  impact  of  the  capital  in vesttients  required  to  develop 
each  of  the  four  RTCs  can  be  at  best  es timatedXfrom  current  data  obtained 
recently  from  three  electric  utilities  in  Illinois  t^f>^  •  The  study 
dates  were  the  same  as  for  the  RTCs  but  the  mix  might  ap^y^iacly^fche  BOM 
50-50  mix.  The  financial  impact  does  not  include  the  devel^p^nt  or  coal 
mines,  limestone  quarries,  uranium  mines  or  the  other  industries  needed  N 
to  build  power  plants  at  the  higher  than  present  rate.  The  rate  of  fuel 
purchase  at  1985  and  2000  is  estimated  on  the  basis  of  today’s  costs  and 
expected  energy  production. 

The  table  that  follows  just  sums  the  total  dollars  required  to  build 


up  the  capacity  of  the  ORBES  region  to  each  RTCs  capacity.  There  is  no 
attempt  to  time  value  these  numbers  at  this  stage  of  the  project. 
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TABLE  D. 4-5 

Financial  Investment  Impact 
BOM 

(Billions  of  Current  Dollars) 


Cist  Function 


Powerr  PiLant  Cctas  truction 
P  o  1 1  u  t  i  onT^^o  1 
Transmission  &  Subj 
Distribution  &  Substat: 
General  Expenses 
ORBES  Region 


Capacity  additions  MW(E) 


Cost  Function 


Power  Plant  Construction 
Pollution  Control 
Transmission  &  Substation 
Distribution  &  Substation 
General  Expenses 
ORBES  Region 


29,829 


186,602 


1985 

20 

00 

%  1985 
50/50  only 

50/50 

80/20 

50/50 

80/20 

34.1 

34.1 

226.6 

206 

63 

4.4 

4.4 

20 

30 

8 

r  7.9 

7.9 

49.4 

49.4 

15 

S/V 

6 

37.5 

37.5 

11 

W- 

1-5 

9.4 

9.4 

3 

X. 

P-K 

342.9 

332.3 

100 

(Task  I) 


53.8 


Capacity  Additions  MW(E)  29,829 


35,800 


35,600 


D. 4-18 


In  developing  the  financial  investments  needed  for  the  BOM  80-20,  it 
was  assumed  that  the  power  plant  construction  costs  (nuclear  to  coal) 
differed  by  $350/kw  (assuming  that  scrubbers  were  figured  in  under  pollution 
control) .  The  pollution  control  cost  figures  indicated  a  price  of  $197/kw 
fo/  that  item.  When  both  items  were  figured  together,  nuclear  and  coal 
Int f  differed  then  by  $153/kw  on  first  cost. 

Lt/rirst\ glance,  the  accumulated  investment  by  the  year  2000  is  rather 


imp  res  si^ 


ist  be  remembered  that  the  BOM  RTCs  assumes  that  the 


economy,  all  pth^pj^pf  it,  requires  the  energy  production  capacity.  It 
should  also  be  noced  :hat  the  higher  cost  per  kw  of  capacity  that  we  are 
now  experiencing  will  Jyy/19 35  have  increased  the  electric  utility  rates 


to  the  extent  that  the  lead 


absorbed  in  the  later  years  t 


construction  prepayments  can  be  better 


iw.  Some  form  of  allowance  of  funds 


during  construction  (AFDC)  or  constrm:tion^ork  in  progress  (CWIP)  payment 
will  have  to  be  figured  into  the  rate^e truct/^K  in  the  near  future  or 
electric  utilities  will  not  meet  growth  re'quiremenhs  until  they  are  past 
due  and  hardships  actually  develop.  Social  and Jpubii-crlappreciation  of  this 

"V 

financial  problem  has  not  been  met  with  any  seriousness  on/tdie  part  of 
society . 

Whereas  the  BOM  80-20  shows  about  $10  billion  less  first  cost^\the 
energy  component  of  cost  will  more  than  compensate  for  the  difference. 

To  compare  the  energy  cost  of  the  two  BOM  RTCs  at  year  2000,  the 
capacity  factors  of  nuclear  and  coal  were  both  assumed  to  be  the  load 
factor  of  47.8%  for  the  region.  Further,  assume  that  nuclear  fuel  cost 
is  85q/MBTU  and  coal  is  $2.00/MBTU  (including  the  lime  needed  for  high 
sulfur  coal) ,  resulting  in  production  costs  for  the  region  as  shown  in 


Table  D.4-6. 
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TABLE  D. 4-6 


Fuel  Costs  per  Year  of  Two  BOM  RTCs  at  Year  2000 


Generation 


BOM  50-50 


BOM  80-20 


Fuel  cost/vear 
$3.17  x  109 

$7.76  x  109 

$10.93  x  109 


Fuel  cost /year 
$1.22  x  10- 


$11.61  x  10 


9 


$12.83  x  10" 


0-20  fuel  cost  for  the  values  assumed  is  17%  higher  than  the 


BOM  50-5 


overcome  the  first  cost  advantage  of  the  BOM  80-20 


RTC,  it  would  takter-'l^ss  than  8  years  out  of  the  30  to  40  years  expected 


use  of  the  plants. 


Investment  vs  Fuel  Cost  Trad 


To  indicate  the  relative 


to  offset  a  first  cost  price  differe 


^Nuclear  vs  Coal  Plants 


cost  differential  that  is  needed 


ider  the  following:  an 


investor- owned  electric  utility  finds  it 
cost  for  a  nuclear  plant  than  for  a  coal  plant 

expressed  in  cents /kwh  is 

„  _  $100/kw  x  Pf  x  100 

ci  "  - - 

8760  x  cf 


$100/kw  more  in  first 
extra  investment  charge 


Where  P'  is  the  depreciable  fixed  charge  rate  for  the  nuclear  p4ah.t 

n  / 
investment  and  cf  is  the  unit's  capacity  factor  and  C^.  is  the  investment 

cost  component  of  energy  in  cents /kwh.  For  our  present  study,  the  load 

factor  of  47.8%  is  also  assumed  to  be  the  plant  capacity  factor  and  P^ 


may  range  from  0.12  to  0.15  depending  upon  the  utilities  particular  cost 


of  money. 


*•  ■* 


u 
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Then  an  extra  $100/kw  of  capacity  would  cost 


r  -  100  (-12  to  .15)  (100) 
I  (8760)  (.478) 


=  .29  to  .36<p  per  kwh 


more  for  a  nuclear  plant.  In  order  to  overcome  this  extra  investment  cost, 
th£  nuclear  fuel  cost  must  be  less  by  that  same  amount.  It  also  means  that 

fal  fuel  cost  could  be  higher  by  this  amount.  Converted  to  thermal 

ener^y^Yost , ^the  nuclear  fuel  must  be  less  by  28  to  35q/MBTU.  Because  of 

the  hign^r_eferic^ncy  of  coal  plants,  this  converts  to  a  higher  coal  cost 

of  32  to  40c/MB>lSJ(tj/y6how  equivalence. 

Recent  fuel  oost  estimates  for  the  Clinton  Nuclear  power  plant  in 
Illinois,  scheduled  for/^981  operation,  indicates  a  lifetime  levelized 
nuclear  fuel  cost  of  about  5)C/MBTUA  Comparing  this  fuel  cost  to  Illinois 


coal  at  a  similar  site  and  usiiv§_  fci^iay  *  s/prices  is  about  $1.25/MBTU  without 


scrubbers.  Since  scrubbers  are  need 


acceptable  to  air  standards,  an  addition 


Illinois  coal  emissions 


is  required  for  lime¬ 


stone.  Comparing  50q/MBTU  to  $1.55/MBTU,  more  tt*ani250/kw  differential 
in  nuclear  and  coal  plant  investment  cost  can  be  trtflS^ate  d  before  the 
overall  electric  energy  cost  favors  the  coal  plants. 

Relevance  of  Load  Factor  and  Capacity  Factor 

Electric  utilities  will  load  their  most  cost  efficient  plants /firs  t', 
hence  nuclear  units  would  be  loaded  first  in  most  cases  followed  by  the  best 
coal  units  commensurate  with  reliable  load  distributions  and  system  reli¬ 
ability.  At  this  point,  an  attempt  was  made  to  see  if  electric  utilities 
could  live  with  each  of  the  four  RTCs  from  the  capacity  factor  standpoint. 

It  was  assumed  that  the  utilities  would  attempt  to  have  a  higher  capacity 
factor  on  the  nuclear  units,  following  load  with  the  coal  units  (within 


D. 4-21 


limits)  and  then  using  peakers  for  the  short  daily  peak  requirements. 
Capacity  factors  of  0.6  and  0.65  were  assumed  for  nuclear  units  and  the 
following  table  shows  corresponding  results  for  coal  plants.  Whether  the 
utility  can  tolerate  the  resulting  coal  capacity  factor  remains  to  be 

TABLE  D. 4-7 

LL  and  Nuclear  Capacity  Factors  for  Four  RTCs 


Nuclear 


BOM  50-50 


BOM  80-20 


Tech  Fix  100% 


Tech  Fix  100%  n 


Coal 

cf 

c 

.38 

.45 

.46 

.41 


Since  the  coal  capacity  factor  cf  N^iclu^d  X^ie  peaking  units  that 
are  vital  to  electric  utility  systems,  the  actilal  caplacity  factors  for 
coal  plants  are  higher  than  indicated.  Since  peak^p«^er  isually  covers 
4  to  5  hours  each  day,  the  capacity  factor  of  the  coal  imLts/doNincrease 
a  reasonable  amount  except  perhaps  for  the  BOM  50-50  case,  coaJ 

capacity  factor  may  be  too  low.  Considering  the  overall  load  factoi/^ of 
47.8%,  the  nuclear  portion  of  the  mix  results  in  too  low  a  capacity  factor 
for  the  coal  plants.  All  too  often  the  coal  plants  would  have  to  operate 
in  the  unstable  flame  out  region  or  else  nuclar  plants  cannot  be  maintained 
at  the  capacity  factors  indicated.  Neither  case  would  have  been  allowed 
to  occur  by  electric  utility  management. 

In  the  previous  section  on  tradeoffs,  it  might  have  occured  to  some 
that  the  nuclear  plant  capacity  factor  should  have  been  a  higher  value, 


perhaps  the  60%  used  in  this  section  rather  than  using  the  load  factor  of 


D. 4-22 


47.8%.  Actually,  neither  value  gives  the  true  picture.  Electric  utilities 
with  a  fixed  rate  structure  will  attempt  to  base  load  the  power  units  that 


t  the  lowest  incremental  fuel  cost  that  is  consistent  with  system 


and  transmission  losses.  In  most  cases,  this  would  favor  the 


low-fuetL- 


Coal  plants 


clear  units.  There  are  other  criteria  to  consider. 


unstable  in  operation  when  the  boiler  load  drops 


below  some  minimum/ ^*ralue— such  as  1/3  load.  Then,  if  the  load  is  insufficient, 
even  nuclear  units  musq  veduie  power  and  load  follow.  In  reality  then,  the 
coal  plant  being  the  higher  iiue^emeivb^l  cost  unit  will  have  a  lower  capacity 
factor  than  the  nuclear  unit.  Vq  nu^re  ac^nrately  assess  the  first  cost 
difference  of  coal  and  nuclear,  the  in^estmencVost  difference  in  c/kwh  is: 


100 


8760 


where  the  subscripts  n  &  c  refer  to  nuclear  and  coal  respec  ti 

refer  to  total  plant  first  costs  in  $/kw.  Since  cf  >  cf  ,  the^ost 

n  c 

difference  is  lessened  between  coal  and  nuclear.  Pr  and  P’  .  the  nuclear 

nn  nc  ' 

and  coal  fixed  charge  rates  may  be  different  because  of  the  tax  breaks 

given  in  accelerated  tax  depreciation  and  investment  tax  credit.  The  tax 

break  usually  favors  the  nuclear  unit  such  that  P'  <  P’  .  but  that  situation 

nn  nc 


may  change  in  the  case  of  tax  breaks  for  pollution  control  devices  added 


to  coal  plants  that  may  actually  reverse  the  inequality  noted. 


t 


c» 


/ 


o 


-  r 
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TABLE  A  -  MATERIAL  RESOURCES  -  Coal  -  1  More  More 

severe  (3)  (4)  severe  More 

(1)  (2)  (1)  2000  Tech  2000  Tech  (3)  severe 

1985*  2000  BOM  2000  BOM  or  Fix  100%  Fix  100%  or  (BOM)  or 

Function  Impact  (BOM)  80-20  50-50  (2)  Coal  Nuclear  (4)  (Tech  Fix) 
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LEGEND:  SEVERITY  OF  IMPACT:  SV- severe;  M- moderate;  I -insignificant. 

EFFECT  ON  PARTY:  +- favorable;  --unfavorable;  o-neutral;  ? -unknown 
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TABLE  B  -  MATERIAL  RESOURCES  -  Uranium  -  2 

Character-  Resulting 

ization  Issues  ^^Potentially  Technological 

Parties  at  of  Impact  or  \  Responsive  and  Societal 

Function  Impact  Interest  on  Parties  Problems  Policy  OptJofts-^  Agencies  Accommodations 
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LEGEND:  SEVERITY  OF  IMPACT:  SV- severe;  M- moderate;  I -insignificant. 

EFFECT  ON  PARTY:  +- favorable;  --unfavorable;  o-neutral;  ?-unknown. 
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D. 5  TRANSPORTATION  IMPACTS 


There  are  four  primary  methods  of  coal  transportation:  conveyor, 
trucks,  barges  and  rail.  For  trips  of  less  than  20  miles,  any  of  the 
four  modes  could  be  economical.  It  is  unlikely  that  conveyors  will  be 
us^d  for  trips  of  more  than  20  miles,  and  trucks  are  rarely  used  for 

>f  50  miles  or  more.  Occasionally,  if  no  rail  is  available  or  only 


a  smc 


imouncv  of  coal  must  be  shipped,  trucks  may  be  used  for  distances 


up  to  2oKsmi, 
miles)  is  by  bar} 


primarily,  then,  the  longer  distance  shipping  (over  50 
''rail,  depending  upon  the  particular  location  of  the 


tation  shares  for  rail  ranged!  frotn  63.7  percent  to  72.3  percent,  and  for 


river,  from  8.8  percent  to  16 Yk 
conveyor  transportation  of  coal 


of  12  and  7  percent,  respectively.  The\transpof tation  of  limestone  will 


t.  It  is  expected  that  truck  and 


at  about  their  current  levels 


increase  dramatically  if  scrubbers  are  used  e 


after  1985.  It 


will  be  important  to  examine  the  locations  and  exte  f^ldmestone  within 


the  ORBES  region  in  order  to  determine  which  modes  of  tras^§por)e^ill  be 
used  and  what  the  resulting  impacts  will  be. 


Barge  Practice 

In  1972  over  three-quarters  of  the  total  national  barge  shipments  of 
coal  originated  on  the  Ohio  River  System,  including  the  Ohio,  Green, 
Allegheny,  Kanawha  and  Monogahela  Rivers;  and  most  of  the  shipping  desti¬ 
nations  were  within  the  Ohio  River  System  as  well.  By  1985,  the  Ohio 
River  System  will  be  carrying  a  reduced  share  of  the  increasing  total 
(all  modes)  coal  shipments  because  of  capacity  limitations.  As  these 
capacity  limits  are  reached,  increasing  environmental  damage  due  to  spills 
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and  leakage  of  coal  dust  and  increasing  accident  rates  due  to  crowding 
can  be  expected.  Current  practice  in  barge  transport  is  to  tie  multiple 
barges  and  a  towboat  together.  On  most  rivers,  the  average  tow  is  formed 
by  using  four  to  six  standard  barges  (900  tons,  175  feet  by  26  feet). 
The/average  length  of  haul  for  coal  by  barge  was  341  miles  in  1972.  From 
to  1973,  there  has  been  a  slow  growth  in  the  average  number  of  barges 
per  tww  (/from  5\.  4  to  6.5),  but  there  does  not  appear  to  be  much  chance 
for  extensirve^^iproV^ment  in  the  efficiency  of  barge  movements  in  the  next 


twenty  five  years. 


.s  conclusion  can  be  further  justified  by  the  obser¬ 


vation  that  there  is  cunren JnA  not  much  difference  between  the  efficiency 


(in  terms  of  dollar  cost, 


ron 


irarfs  distance)  associated  with  the  barge 


industry’s  average  cost  as  opposed  to  the  industry’s  best  practice  cost. 

vj>; 

ince  betw< 


If  there  were  a  greater  dif ference  oetwe 


best  practice,  then  more  potential  woul 


average  practice  and  the 


improvements  in  industry 


efficiency. 


Rail  Practice 


The  use  of  unit  trains  is  increasing,  and  is  seven  time 


lcient 


for  the  transportation  of  coal  as  the  use  of  individual  hopper  Drains. 
Although  the  use  of  unit  trains  requires  dedicated  equipment  and  rapi 
loading/unloading  facilities  of  the  type  that  can  economically  only  be 
associated  with  medium  to  large  coal  mining  operations,  a  greatly  increased 
use  of  unit  cars  is  expected  in  the  future.  There  is  currently  a  wide 
gap  in  efficiency  in  the  rail  industry’s  average  and  best  practice,  which 
indicates  that  there  is  significant  potential  for  fairly  large  scale 


efficiency  improvement  in  the  relatively  near  future,  certainly  before  the 


year  2000. 
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Other  Modes 


Nationally,  over  11.5%  of  total  coal  shipments  in  1973  were  by  truck. 
Another  method  of  shipping  coal  is  the  use  of  short-haul  conveyors  used 
often  in  mine-mouth  plants  and  also  used  to  convey  coal  from  the  mine  to 
nearby  rivers  or  rail  operations.  Coal  slurry  pipelines  may  also  be  used, 
although  difficulties  in  obtaining  land  passage  rights  and  water  rights 
the  use  of  such  pipelines,  even  in  situations  where  they  would 
oice  on  economic  grounds. 


Under  the  BOM  sqmArios  there  will  be  a  greatly  increased  demand  for 
coal  and  limestone  trCns^orp^/barticularly  in  the  rail  and  barge  modes. 
Under  the  Ford  Tech  Fix  scfenarios//jiQj.y  a  modest  increase  in  transportation 
requirements  will  occur.  But  th4  same  /policy  issues  that  will  be  described 


cy  and/or  reduce  the  relative 


crease  the  capacities 


next  can  be  used  to  improve  the  system  e 
cost  of  transportation.  A  major  issue 
of  the  transportation  system. 


There  are  a  variety  of  policy  options:  investinj  LnJ>«*ic  research 


in  order  to  improve  technology;  developing  tax  incentivesNj 
promote  the  use  of  unit  trains;  improving  utilization  of  exi- 


ment ; 


increasing  capacities  by  developing  wider  channels  and  more  efficient 
and  by  updating  and/or  extending  the  current  railroad  track  system;  and 
changing  the  rate  structure. 

Although  there  is  an  assumption  that  after  1985  extensive  use  will  be 
made  of  scrubbers,  the  transportation  needs  associated  with  the  resulting 
sludge  and  fly  ash  are  assumed  to  be  minimal.  Current  practice  is  for 


these  products  to  be  deposited  on  site. 


■ 

. 


« 


•• 
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Because  the  bulk  of  uranium  ore  is  first  processed  and  reduced  near 
the  mine  mouth,  the  impact  of  increased  numbers  of  nuclear  reactors,  even 
under  the  50-50  BOM  scenario,  will  not  severely  impact  the  transporation 
system.  The  primary  modes  of  transport  for  radioactive  materials  are 
truck  and  rail.  It  is  projected  that  by  1980  there  will  be  twice  as  much 


nuclear  material  transported  by  rail  as  by  truck;  and  that  by  the  year 


2000  the 


as  by  truck 


is  security  wi 


1  be  four  times  as  much  nuclear  material  transported  by  rail 


jor  issue  in  the  transportation  of  nuclear  material 


t  to  both  accidents  and  sabotage.  The  BOM  scenarios 


will  have  relativ 


er  security  problems  because  of  the  larger  amount 


of  nuclear  material  whiqFwfiust  be  transported. 


■  . 


•  ■  •  ' 


^  :  i  r*  ’  :  ’  - 
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t". 


to 

to 


LEGEND:  SEVERITY  OF  IMPACT:  SV- severe;  M- mode rate;  I -insignificant. 

EFFECT  ON  PARTY:  +- favorable;  --unfavorable;  o-neutral;  ?-unknown. 
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D .  6  WATER  USE  IMPACTS 


Preliminary  data  from  a  Task  4  special  study  indicate  that  the 


total  consumptive  use  of  water  under  the  BOM  50-50  scenario  will  be 
approximately  11%  of  the  7-day,  10-year  low  flow  through  the  basin. 
Although  this  figure  does  not  seem  excessive  on  first  inspection,  two 
other  factors  should  be  considered.  First,  the  Mississippi  contains 


inadOTuatjl 


for  navigation  at  the  7-day,  10-year  low  flow.  Since 


the  water  b±ing  wiitj^drawn  in  the  Ohio  River  Basin  would  otherwise  flow 


into  the  Missis* 


lsumptive  use  clearly  affects  the  frequency 


with  which  traffic  on^a  Mississippi  will  be  interrupted. 


A  second  factor  is  th< 


of  water  originating  within  the 


the  difference  between  inflow  and 


rison  of  consumptive  use  to  the  amount 


r  Basin  (that  is,  approximately, 
.  Here,  preliminary  figures 


show  that  consumptive  use  will  be  more  tha 
low  flow  excluding  "imported"  water.  One 


to  the  conclusion  that  there  is  inadequate  water 


f  the  7-day,  10-year 


f  course,  jump 


cause  if  all 


of  the  upstream  users  withdraw  all  of  their  available 


be  insufficient  water  left;  but  it  is  important  to  recognize 
extent  to  which  the  abundant  supply  of  water  in  the  Ohio  River^Ba^n 
is  dependent  on  importation.  As  competing  uses  are  developed  in 


, l there  will 


other  regions,  there  will  clearly  be  some  impact  on  the  Ohio  River 
Basin  and  downstream  areas. 
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LEGEND:  SEVERITY  OF  IMPACT:  severe;  M-moderate;  I -insignificant. 
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D. 7  IMPACTS:  AIR  QUALITY  AND  CLIMATOLOGICAL 

D.7.1  ENVIRONMENTAL  IMPACTS  (AIR  QUALITY) 


For  the  purpose  of  this  report. 


primary  impacts  upon  the  air  quality  within  the  ORBES  region.  One 
exceptiory^  however,  will  be  the  discussion  of  the  subsequent  deposition  of 
particulate  matter  upon  the  land.  Since  the  atmosphere  offers  a  dynamic 


medium  for' 


expected  that 


transport  of  gaseous  and  particulate  pollutants,  it  can  be 
'ironmental  air  quality  has  a  significant  impact  upon 


the  other  areas  of  cohcerjj  covered  in  this  report. 

The  impact  tables  rorTir"  quality  consider  four  main  functions: 


tion 


4.  Conversion, 


The  impacts  for  the  first  three  functions^qilnin^^rocessing,  and  trans¬ 
portation)  are  very  similar  and  probably  less  significant  than  those  of  the 


fourth  function,  conversion.  This  dichotomy  arises 


larily  from  the  way 


the  pollutants  are  emitted  to  the  atmosphere.  This  is  delineated  in  the 


table  below: 


Characteristics 

1.  Source-Type 

2.  Emission  Level 

3.  Emission  Intensity 

4.  Type  of  Emissions 

5.  Area  Effected 


Functions 


Extraction 

Processing 

Transportation 

Area  (not  easily 
containable) 

Ground-Level 

Low-Moderate 

Particulate 


Conversion 


Stack  (containable) 

Elevated  Height 
Can  be  Intense 
Gaseous /Particulate 
Local-Regional 


Local 


,  -T, 

:  ‘  C.  ‘ 


)  B  ’ 
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The  extraction  function  of  both  nuclear  and  coal  will  give  rise  to 
particulate  emissions  which  may  contain  trace  contaminants.  Particulates 
emitted  from  nuclear  mining  operations  are  of  probable  higher  radioactivity 
In  the  case  of  surface  mining,  these  emissions  arise  from  the  open  pits  and 
eart/heij^piles  generated  in  the  mining  process.  For  the  underground 


extracuic 


sess,  the  emissions  could  emanate  from  the  tailings  pile. 


To  mi^ce^ar^^K^irate  estimate  of  the  amount  of  particulates  emitted 
would  be  difficur^.  would  depend  on  the  wetness  of  the  earth,  the  area 

of  the  mine,  and  the^elbcity  of  the  wind.  Also  the  level  of  current 
excavation  activities  woqljiyDel of  consequence,  although  such  emissions 
could  continue  after  mining  ac tii^tiesXhave  ceased  at  the  site,  depending 
upon  the  reclamation  effort  made  abandoned  site. 

Since  the  particles  are  picked  up  ac  groumL  level  and  are,  themselves, 
probably  quite  heavy,  one  would  not  expeccN^hemXo  lStfoain  airborne  for 
very  long  before  they  would  be  redeposited.  Thus^\the  major  impact  would 


be  within  the  locality  of  the  mine.  To  make  an  estii 


of  the  average 


atmospheric  concentration  of  particulate  matter,  a  Gaussiaiv  pl^ime  model 
modified  for  a  ground  level  air  source  could  be  utilized.  The  rKLlowi 
computer  codes  are  available  or  under  development: 

1.  Climatological  Dispersion  Model  (CDM)  [3] 

2.  Air  Quality  Display  Model  (AQDM)  [1] 

3.  Multiple  Windfield  Air  Quality  Display  Model  [6,19] 

4.  Continuous  Source  Reflection  Model  (CSR)  [7] 

5.  Air  Transport  Model  (ATM)  [5,15] 

All  of  these  models  to  some  degree  have  also  been  adapted  to  predict  the 
average  deposition  of  particulate  matter  at  a  given  location. 


r  .  . '  ?  '• 
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If  one  accepts  the  assumption  of  local  effects  only,  then  the  major 
distinction  between  the  scenarios  will  be  the  number  of  sites  affected. 
Hence,  BOM  80-20  will  affect  the  largest  number  of  sites  and,  in  descending 
ordqrr ,  BOM  50-50,  FTF  (100%  coal).  FTF  (100%  nuclear)  will  affect  the 
mber  of  sites.  The  actual  number  of  sites  affected  within  the 

would  depend  upon  the  mix  of  the  high-sulfur  and  western 
he  coal-fired  plants. 


sites,  the  list  would  be  as  follows: 
M— 50-50 


3.  Ford  Te< 


4.  Ford  Tech 


.00%  nuclear) 
'1'00%  coal) 


This  report  will  assume  that  most,  if  ru/t  all  nuclear  mining  activities 


will  remain  outside  the  Ohio  River  BasinX  Note 


scenarios  have  greater  impact  than  the  Ford  T 


case,  the  BOM 


enarios  due  to  the 


predominant  increase  in  the  number  of  power  plants 


scenario. 


by  the  BOM 


Another  source  of  coal-related  particulates  is  derived  frbm  the 
crushing  and  sizing  of  coal.  Here  there  may  exist  a  possibility  of  p^rti 
containment.  Since  the  impacts  are  similar  to  those  for  the  extractions 
of  coal,  a  detailed  discussion  will  not  be  made.  In  decreasing  order  of 


impact  on  air  quality,  the  scenarios  are: 


1.  BOM  80-20 


2.  BOM  50-50 


3.  Ford  Tech  Fix  (100%  coal) 

4.  Ford  Tech  Fix  (100%  nuclear) 


.. 
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Similar  impacts  arise  in  the  nuclear-ore  crushing  and  concentration 


processes.  Due  to  the  higher  radioactivity  of  the  resulting  particulate, 
it  is  expected  that  there  would  be  a  substantial  effort  to  control  its 
airborne  emission.  During  the  isotope  enrichment  process,  especially  for 
urafnium,  radioactive  gases  such  as  uranium  fluoride  are  produced.  Due  to 
pyep^ufc ionary  measures  employed  in  this  process,  one  could  assume  that  the 
probability  of\such  gases  escaping  is  very  unlikely.  In  any  event,  most 
of  the  uraaijjT^ore  processing  and  isotope  enriching  will  probably  occur 


outside  the  Ohio 


Basin. 


Coal  dust  can  also  |  from  the  transport  of  coal  in  open  trucks 


and  railroad  cars.  Here  again 


One  exception,  however,  is  that 


areas  as  opposed  to  predominantly  rural 


difficult  impacts  to  estimate.  The  total 


acts  are  similar  to  the  above  cases. 


sport  of  coal  may  involve  urban 


This  may  be  one  of  the  most 


depend  upon  the 


amount  of  coal  utilized  in  the  Ohio  River  Basin'  and.  the  feoints  of  origin 
for  the  coal. 

The  major  impact  upon  air  quality  in  the  Ohio  River  Bas 
the  electrical  conversion  of  coal.  The  emissions  of  concern 
such  as  S0?&  NO  ,  oxidants  (0„) ,  and  particulates  (fly  ash)  laden  with, 

Z  X  J 

trace  contaminants  such  as  cadmium,  lead,  zinc,  arsenic,  etc.  Due  to  the 
enormous  amounts  of  coal  consumed  by  a  1000  MW(E)  coal  plant  (approximately 
3  million  tons  per  year),  the  potential  problem  is  significant.  The  actual 
amount  of  emissions  depends  upon  the  mix  of  low-  and  high-sulfur  coals 
utilized,  the  pollution  abatement  procedures  being  employed,  and  the 
percentage  of  capacity  at  which  the  plant  is  being  operated.  The  EPA  has 


published  information  to  enable  one  to  estimate  these  emissions  [4,17]. 


■ 
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Once  the  emissions  have  been  released,  they  react  within  the  plume  and  can 
change  chemical  form.  One  reaction  of  particular  concern  to  the  environ¬ 
mentalist  is  the  oxidation  of  SO^  to  SO^  and  the  subsequent  association 
witty  water  to  form  H^SO^  or  sulfuric  acid. 

direct  impact  of  these  emissions  result  in  substantially  elevated 


atmosimeriic  concentration  of  pollutants  within  10  to  20  km  downwind  of  the 
plant.  Tnfe^-ae^njal  s.oncentration  of  pollutants  at  a  given  point  depends  upon 


(among  many  other 


frs)  the  direction  and  speed  of  the  wind,  the  mixing 


condition  (stability)  of  the/ atmosphere,  and  the  height  of  the  smokestack. 

\7/ 

The  Gaussian  plume  models,/ mentioned  earlier,  supply  a  vehicle  for  pre¬ 


dicting  the  average  concentra 


vicinity  of  a  given  plant,  provi 


ollutants  at  ground  level  in  the 


icable  meteorological  data  for 


the  region  can  be  ascertained.  Most 


predict  the  average  deposition  rate  of  fl 


ive  models  are  also  able  to 


poiKthe  earth. 


The  latter  gives  rise  to  a  subsequent  problem  c a/ led  refloatation 
If  the  particulate  emission  is  deposited  on  a  hard  -sff^ace  such  as  the 


lead  to 


sidewalk  or  streets  then  a  later  wind  or  passing  traffic 


deposited  particle  becoming  airborne  again.  In  the  urban  areaV,  thiXcan 


pose  a  significant  impact.  Perhaps  the  best  abatement  procedure  is/the 
regular  sweeping  of  the  streets  and  parking  lots. 

A  major  concern  is  the  placement  of  the  majority  of  the  coal-fired 
plants  along  the  Ohio  River  corridor.  This  results  in  the  deployment  of 
plants  along  a  straight  line  whose  direction  corresponds  to  a  more  prevalent 
wind  direction  for  the  corridor  (see  Fig. D. 7-1).  Thus,  it  is  expected  that 
given  a  certain  set  of  meteorological  conditions  a  cascading  effect  could 


evolve;  that  is,  the  already  elevated  concentration  in  one  location  due  to 
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a  coal-fired  power  plant  in  the  near  vicinity  could  be  further  elevated  by 
the  emissions  from  another  power  plant  further  downwind.  This  may  result 
in  what  environmentalists  call  an  episode  in  which  many  of  the  EPA  standards 
are  violated.  To  study  this  phenomena,  very  sophisticated  analytical 
modeling  is  needed.  (It  is  hoped  that  a  preliminary  analysis  can  be  made 


for/ 


"fin^l  report.)  Also  one  needs  to  study  what  effects  the  Ohio  River 


and  it^m^or^t^L^utaries  have  upon  the  local  meteorology  [12,13,14].  It 
is  known  that  ^r^argeNbody  of  water  can  significantly  alter  the  local 
meteorological  condijigms  toward  conditions  which  would  further  elevate 
atmospheric  pollutant  coi|cej^4tions .  This  is  expected  to  be  a  major 
concern  because  many  of  the  plants^ia^this  corridor  will  probably  be  placed 
near  the  river  to  facilitate  the  (fise  spf/  barges  and  to  provide  access  to 
water  for  cooling. 

In  terms  of  overall  environmental  impacts  ta  air  quality  of  the 
ORBES  region,  the  scenarios  from  gravest  to  lea^t\seriot|s  are  the  following 

1.  BOM  80-20 

2.  BOM  50-50 


3.  Ford  Tech  Fix  (100%  coal) 

4.  Ford  Tech  Fix  (100%  nuclear) 


Another  source  of  emission  arises  from  the  coal  gasification  industry. 
Several  pilot  plants  have  been  built  and,  indeed,  this  may  be  a  viable 
industry  by  1985.  In  the  Bureau  of  Mines  scenario,  two  plants  have  been 
located  in  each  of  the  four  Ohio  River  Basin  states.  Since  the  technology 
is  still  under  development  (though  feasibility  has  been  shown) ,  definite 
emissions  cannot  yet  be  set.  It  can  be  assumed,  however,  that  emissions  and 
effects  will  be  very  similar  to  those  of  the  coal-fired  power  plant  in  many 


.}  ... 
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respects,  but  exceptions  exist.  For  example,  hydrogen  sulfide  may  be  a 
more  prevalent  emission  since  hydrogen  is  a  primary  input  to  generation 
of  synthetic  gas.  Many  of  the  pollution  abatement  processes  used  in  coal- 
fired  power  generation  could  also  be  applied  to  coal  gasification,  but 
one  yfould  expect  some  modifications  would  need  to  be  made. 

mother  intensely  significant  impact  could  arise  from  a  major  nuclear 
power  plant  accident  with  core  melt  down  and  rupture  of  the  pressure 
vessel  and  cerrwiinmeht  structure  with  a  subsequent  release  of  radioactive 
material  to  the  env^r^bment.  It  is  believed  that  the  probability  of  such 
occurrence  is  very  unlikily this  is  point  of  considerable  debate.  If 
the  situation  did  occur,  xtr  could  >£ead  to  significant  impacts  upon  the 

Vf\ 

surrounding  vicinity  although  tnd  radius  of  influence  is  subject  to 
question.  The  Gaussian  plume  models  can  ^  be  used  to  model  the  dis¬ 


persion  of  the  radioactivity.  Several  g 


agencies  have  made 


extensive  studies  to  access  the  resulting  impac^v^.  ThV^ interested  reader 
is  referred  to  these  studies. 

Having  cited  the  major  air  quality  first-order  impacbs  fuponrvThe 
region,  it  is  expected  that  several  second-order  impacts  wouFoNarise^due 
to  the  dynamics  of  the  pollutant-laden  atmospheric  medium.  It  is 
through  these  second-order  effects  that  the  public  is  usually  made  av/hre 
of  the  pollution  problem.  Once  the  public  realizes  a  level  of  air 
pollution,  the  EPA  is  usually  invoked  to  measure  and  regulate  the  concen¬ 
tration  level  of  pollutants  in  the  atmosphere.  EPA  has  several  options 
among  which  may  be: 

1.  Force  the  management  of  a  power  station  to  meet 
legislated  emission  standards. 


- 


2.  Impose  new  emission  standards  upon  the  source. 

3.  Ask  for  a  court  injunction  against  the  source's  operation. 


particularly  under  certain  meteorological  conditions. 


lonrg  tl>e  second-order  effects  to  be  noted  perhaps  the  most  obvious 
is  the  change  in  ihe  appearance  of  the  atmosphere  and  climate  (weather) . 


An  extensive  dTj 


liohvof  these  effects  is  made  in  the  second  part  of 


this  section.  Furthe^T/rhe  deposition  of  particulate  matter  laden  with 
trace  contaminants  and  tha  ga^adus  pollutants  could  have  impacts  upon  the 


biological  species,  including  man, 


:he  region.  (See  Biological  and 


Public  Health  Impacts.)  Attention^  wi]^L  )iow  be  focused  upon  the  second- 
order  climatological  impacts. 


i 


\ 
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D.7.2  CLIMATOLOGICAL  INPUTS 


Climatological  impacts  can  be  subdivided  into  several  categories, 
depending  upon  the  geographical  size  or  proximity  of  the  impact.  For 


convenience  in  the  following  discussion,  three  different  scales  will  be 


em 


is  local,  which  can  be  defined  to  range  from  an  impact 


that  is 


highway  adj 


,  such  as  fogging  and  visibility  impairment  on  a 


ooling  pond  or  cooling  tower,  up  to  and  including 


multi-county  impacts^ slich  as  increased  snowfall  downwind  from  a  pollutant 


source  as  a  result  of  i 


Another  example  of  a  local  im 


within  five,  ten,  or  twenty  kil 


d  particulate  matter  in  the  atmosphere. 


t  be  the  deterioration  of  visibility 


s  (~3,rl2  miles)  of  a  pollutant 


source,  causing  subsequent  loss  of  Vis 


necessitating  more  restrictive  and  costly 


operations  at  an  airport  facility  within  that 


Rules  (VFR)  conditions 


Flight  Rules  (IFR) 


A  regional  spectrum  of  climatological  impacts 


possible. 


ranging  in  geographical  scale  from  portions  of  a  state  up^1  ev^ral 
states,  and  ultimately  to  a  regional  impact.  An  example  of  tn&^latt 
would  be  increased  acid  rainfall  on  the  western  slopes  of  the  northea^teih 
Appalachian  Mountains  due  to  airborne  pollutant  discharge  throughout  the 
lower  Ohio  River  Basin. 

The  third  and  final  category  of  climatological  impacts  to  be 
considered  are  those  which  are  global  in  nature,  such  as  the  introduction 


of  certain  substances  to  the  atmosphere  whose  long-term  residence  times 


allow  them  to  become  mixed  into  the  global  atmospheric  system.  These 
substances  include  carbon  dioxide  released  during  combustion  of  fossil 
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fuels,  fine  particles  that  become  windborne  due  to  strip  mining  operations 
and  subsequent  wind  erosion,  ozone,  various  chemicals  and  pollutants. 

The  long-term  residence  times  of  many  of  these  pollutants  dictate 
that  global  climatological  impacts  will  tend  to  have  slight  immediate 


effects,  but  long  cumulative  impacts,  ranging  from  weeks  in  some  cases  up 
t(f  mj^flenia  or  more  in  others. 

tinctions  between  local,  regional,  and  global  scale  are 


somewha 


however,  the  coarseness  of  this  scale  is  considered 


to  be  adequate 


point  for  the  needs  of  the  study.  Local  climatolog¬ 


ical  impacts  are  ofcen  Bhor/'y£erm  in  duration  and  usually  easily  identifiable 


as  the  result  of  the  op 


an  existing  facility.  Furthermore,  once 


the  cause  is  removed  or  adequacefLy  remedied,  such  as  the  completion  of  a 

)gical  imp 


mining  operation,  the  climatolog: 


Local  climatological  impacts  that  are  se 


1  often  be  eliminated. 


nsity  usually  impact 


only  the  residents  of  the  local  area.  The  popivfs  the  basin  as  a 


whole  would  normally  have  little  concern  or  interest. 


■“exception  would 


be,  for  example,  a  local  climatological  impact  which  would  c>ku 


from  an  environmental  group  defending  the  last  known  habitat  of 


esponse 


endangered  species.  Local  impacts  such  as  visual  obstruction  of  highways 
due  to  fog  from  cooling  towers,  while  being  locally  severe,  do  not 
normally  affect  the  lives  and  livelihood  of  the  vast  majority  of  basin 


residents . 


Micro  and  Regional  Climatological  Considerations 

Table  D. 7-2  presents  those  climatological  impacts  which  are  considered, 
at  first  cut,  to  be  significant.  The  significant  impacts  on  a  local  scale 
appear  to  be  restricted  to  local  fogging  effects  in  the  vicinity  of  cooling 
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towers,  increased  snowfall  and  rainfall  in  the  multi-county  region  down¬ 


wind,  and  a  general  increase  in  atmospheric  humidity.  The  majority  of 
the  above  impacts  are  obvious  to  all  interested  parties,  and  action  will 
be  requested  from  appropriate  agencies,  typically  the  U.S.  Environmental 
Protection  Agency.  The  parties  at  interest  can  be  expected  to  react  in 
inner,  and  the  agencies  will  see  that  existing  environmental 


standards  are  Enforced. 


The  reg 


atological  impacts  anticipated  are  few  in  number. 


but  quite  signif  ic^jr^f  -  Increased  precipitation,  lowering  of  general 
visibility,  and  other  iJ^p§cJre\  will  all  occur  to  some  extent.  An  additional 

be  increased  acid  rainfall  on  the 


significant  climatological  ef 

western  slopes  of  the  northeastern  Appalachian  Mountains,  as  discussed  in 
[9].  The  contrast  between  the  80-20  and^50-5frsRTCs  will  be  apparent  due 


to  the  increased  sulfur  release  into  the  aimospl 


.associated  with  the 


80-20  RTC  and  its  higher  discharge  of  combust ionq^rodudts  and  byproducts. 
The  parties  at  interest  will  include  residents  outsi^e^f  tie  basin, 
although  it  may  be  difficult  for  them  to  prove  a  cause-and- 
relationship .  The  agencies  involved  will  be,  typically,  the  U.SV  Environ¬ 


mental  Protection  Agency  and  the  affected  state  EPAs . 


Global  Climatological  Considerations 

Global  effects  on  climate  and  world  weather  patterns  are  hotly  debated 
in  the  current  scientific  literature,  with  particular  emphasis  on  long-range 
world  temperature  trends. 

There  are  essentially  four  schools  of  thought  concerning  long-term 
world  temperature  trends  and  the  cause  of  ice  ages.  The  first  group 
believes  that  increased  release  of  carbon  dioxide  from  industrialization 
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and  burning  of  fossil  fuels  will  cause  appreciable  warming  of  the  earth 
(the  so-called  "greenhouse  effect"),  with  subsequent  melting  of  the  polar 
caps  and  consequent  disaster.  An  overview  of  the  basic  argument  is  given 
in  [16]. 

The  second  school  of  thought  includes  the  dust  believers,  who 

that  the  particulates  released  into  the  atmosphere  as  a  consequence 


>f  incrj 


industrialization  will  cause  a  reduction  in  incoming  solar 


energy  [and  a  Lohsequent  chilling  of  the  earth's  temperature  [2,5]. 

A  thinfl  school  pf  thought  is  comprised  of  those  who  believe  that 
exogenous  variabljza^siich  as  changes  in  the  earth's  orbit  are  the  principal 
cause  of  ice  ages  and  ye^vodtc  climatic  change  [8], 

A  fourth  and  a  relatively/xmknotom  viewpoint  concerning  long-term 
temperature  fluctuations  is  theVglo^ed  lo«g3  cybernetic  systems  theory 
approach,  which  suggests  that  the  peri  ;tuations  in  the  world's 

climate  are  the  result  of  the  world  actin  >q f  closed  loop,  non¬ 


linear  differential  equations  for  which  a  period 


it  cycle  is  a 


stable  (but  not  the  only)  system  response  [10,18].  xni'e  fourth  school  is 

\  7s 

a  hybrid  version  of  the  first  and  third  schools  that  is  cajatjle  o: 
explaining  most  known  climatological  phenomena,  including  periodic 
glaciation  and  even  earlier  climate  behavior. 

The  major  belief  common  to  all  four  schools  of  thought  is  that  the 
earth's  temperature  regulation  mechanism  is  largely  unstable.  Proponents 
of  continued  energy  use  and  development,  especially  of  fossil  fuels,  must 


realize  that  even  small  or  modest  perturbations  in  the  radiation  heat 


balance  coefficients  that  dictate  the  earth's  temperature  may  result  in 
large,  dramatic,  and  possibly  irreversible  changes  in  the  earth's  temperature 
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behavior.  Many  positive  feedback  loops  exist  that  reinforce  the  pertur¬ 
bation  and  thus  cause  the  system  to  depart  substantially  from  its  current 
value. 
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D.8  IMPACTS:  WATER  QUALITY  AND  HYDROLOGY 


Increased  activity  projected  by  the  four  RTCs  will  affect  water- 
related  processes  in  two  distinct  fashions.  Water  quality  is  affected 
by  fckC r^&sed  extraction  activity  and  the  thermal  degradation  of  water 
used  ai^a/  hg  medium.  Hydrologic  changes  occur  due  to  perturbations 
in  water  r  patterns  and  variations  in  flow  patterns  due  to  evaporative 


cooling.  The 


two  sections  address  these  two  types  of  water 


related  impacts  separately. 


D.8.1  ENVIRONMENTAL  QUA 

lLITY  : 

MP^CTS  (WATER) 

7r  A 

Coal 

The  principal  impacts  of  a  coal-ep^rgy  \echnology  on  water  quality 
are  the  result  of  extraction  processes  (S^cid  mindydrainage)  ,  and  of  the 
ultimate  conversion  to  electrical  energy  (th^rhal  discharge).  Since  none 
of  the  scenarios  under  consideration  utilizes  onceTthraugh  cooling,  the 


|are  >«lso  minor, 
ind  barren 


thermal  discharge  impacts  are  negligible.  Other  impaci 

Surface  extraction  of  coal  (strip  mining)  leaves  th* 
of  vegetation  and  with  material  at  fairly  great  angles  of  repose.  Rainfall 
and  surface  runoff  will  carry  quantities  of  this  material  as  sediment  into 
water  courses,  where  it  contributes  to  the  turbidity  of  rivers  and  streams, 
and  results  in  gradual  filling  of  lakes  and  reservoirs.  Soluble  materials 
may  be  leached  into  the  ground  water.  A  major  impact  results  from  the 
oxidation  of  sulfur  which,  prior  to  mining,  had  been  beneath  the  water 


table;  ultimately,  this  leads  to  the  production  of  sulfuric  acid,  and 
acidic  conditions  in  nearby  rivers  and  streams.  Underground  mining  produces 
far  less  material  which  can  be  carried  as  a  portion  of  the  sediment  load, 


,  .  . 
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but  underground  mines  must  be  kept  dry,  and  the  water  which  is  pumped  out 


V 


of  them  is  another  source  of  acid  mine  drainage.  Even  after  the  mine  is  ; 
abandoned  and  pumping  ceases,  water  which  seeps  through  the  mine  will  [) 
carry  sulfuric  acid  with  it,  into  rivers,  lakes  and  wells. 

conversion  of  coal  to  electrical  power  by  means  of  the  steam  cycle 


has ,  hi 


thermal  df 


,  been  responsible  for  a  major  water  quality  change  through 


the  generating  tu 
then  returned  to  the 


he  condensation  of  steam,  once  it  has  passed  through 
requires  a  large  quantity  of  cool  water,  which  is 
at  a  significantly  elevated  temperature. 


In  many  cases,  this  disch 


at  locations  in  a  river  which  a 


resulted  in  considerable  ecologica 


en  poorly  dispersed  and  has  taken  place 


,ularly  sensitive,  and  has,  therefore, 


recent  years,  concern  over 


this  sort  of  damage  has  led  to  the  use  ofcvatmosphAric  cooling  towers,  in 
which  most  of  the  heat  is  carried  into  the  atmuSonere  IK.  the  form  of  water 
vapor.  Although  eliminating  the  heated  discharge,  evfc^orat j*ve  cooling 
uses  significant  amounts  of  water,  and  has  its  own  impact  on  the  quality 


of  waterbodies  due  to  reduced  flow  for  dilution  of  contaminant 


rged 


into  the  water.  In  addition,  it  should  be  recognized  that  many  biologis^eX^ 
and  others  regard  the  heated  discharge  of  once-through  cooling,  if  properly 


designed  and  controlled,  as  a  boon  to  the  life  of  the  receiving 


water 


rather  than  a  detriment. 


Coal  conversion  into  gaseous  forms  is  carried  out  principally  to  remove 
some  of  the  more  noxious  pollutants  in  coal  (sulfur)  and  to  produce  a  fuel 
which  is  convenient  to  transport  and  use.  Since  gasification  uses  a  signi¬ 
ficant  amount  of  water  for  the  production  of  hydrogen  to  combine  with  the 


carbon  in  coal,  and  some  additional  water  for  evaporative  cooling  of  the 
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chemical  reactions  in  the  process  which  give  off  heat,  its  major  impact 
on  water  quality  is  the  reduction  of  flow  for  dilution.  Gasification  also 
produces  a  number  of  impurities,  principally  sulfur,  ammonia,  cyanide, 
trace  metals  and  hydrocarbons,  which  may  be  discharged  into  the  water  if 
equately  treated. 

8-1  shows  these  impacts  of  coal  technology  on  water  quality, 
hers  which  are  relatively  insignificant. 


Nuclear 

A  nuclear  energy  4ecjffb6]  ogy  has  the  same  major  impacts  on  water 
quality,  with  the  addition  o^  flscharge  of  radioactive  material. 


Acid  mine  drainage  occurs  from 


as  from  coal  mining,  but  in  lesser  deg 


mining  in  much  the  same  fashion 


to  heating  of  waterbodies  from  nuclear  po1 


power  generation,  except  that  since  nuclear 


Oihs^e- through  cooling  can  lead 
on  just  as  from  coal 


is  less  efficient 


than  coal  generation,  and  since  no  heat  is  dischargerf^iXto^ the  atmosphere 
with  combustion  gases  from  nuclear  generation,  the  thermal 


the  water  is  greater  than  from  coal  power. 

In  addition  to  the  impacts  of  conventional  coal-energy  technology, 
however,  nuclear  technology  has  the  potential  for  the  discharge  of  radio¬ 
activity  to  the  environment.  The  principal  points  of  impact  with  water 
quality  are:  at  extraction  (particularly  if  surface-mined),  where  runoff 
and  leaching  may  carry  radioactive  materials  (radium  226,  in  particular) 
into  surface  waterbodies  or  underground  aquifers;  during  transportation, 


where  an  accident  could  discharge  radioactive  matter  to  the  environment 


and  ultimately  into  water  supplies;  and  during  discharge  or  permanent 
storage  of  spent  fuels  and  collected  waste  matter  from  the  reactor. 
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Policy 


Three  principal  policy  issues,  all  related  to  regulatory  agencies, 
can  identified  with  respect  to  water  quality. 

incipal  method  of  controlling  the  impact  of  mining  on  water  quality 


will  b 


the  cost  o 


ation  of  mining  practices;  but  each  new  requirement  increases 


d  fuel  and  ultimately  the  cost  of  energy  to  the  consumer, 


The  extent  to 


regulations  should  be  imposed  is  a  major  policy 


question. 

Decisions  about  the|  tj^p&eoff  between  once-through  cooling  and  evapor¬ 
ative  cooling  require  careful  [ipy^STigation  of  the  total  impact  of  thermal 
discharge,  part  of  which  may  be  \benaf rcial,  and  of  evaporative  cooling 


towers,  which  may  constitute  degradatio: 

The  use  of  recirculative  cooling  t 
in  areas  where  these  ponds  are  possible.  Ev 
ponds  are  smaller  than  from  cooling  towers,  yet 


environment  in  other  ways, 


ponds  is  also  growing 
losses  from  such 


isessentially 


no  thermal  discharge  to  natural  waters.  However,  the  extE  :  to  which  the 
quality  of  discharges  to  such  single-purpose,  man-made  wqj  ^bodiee  should 


be  controlled  is  an  issue  which  must  be  decided. 


'  • 
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D.8.2  PHYSICAL  IMPACTS  (HYDROLOGICAL) 


Coal 


The  hydrological  impacts  of  coal-related  energy  functions  occur  in 
three  categories:  changes  in  runoff  patterns  due  to  surface  mining; 
redyced  flow  due  to  evaporative  cooling;  and  changes  in  flow  patterns  due 
rsions  for  cooling  purposes. 


This  may 


mining  leaves  the  land  in  ridges  approximately  50-100  feet  apart. 
inN^ntrapment  of  rainfall  and  delay  of  the  time  the  water 


reaches  a  watercot^soy/thus  reducing  downstream  flood  peaks;  or  it  may 
accelerate  the  water  inlitSy^ravel  to  a  watercourse,  and  increase  flooding 
downstream.  The  fact  tha^/th^  lajad  is  without  vegetation  will  tend  to 
decrease  time  of  flow. 

Evaporative  cooling  will  caus'fe— ^educt^&sj.s  in  flow  quantities.  It  is 
evident  that  there  is  sufficient  water  within  ttie  ORBES  region  to  supply 
all  of  the  evaporative  cooling  needs  ref lecfe^eKifn  arV  of  the  scenarios; 


however,  when  one  explores  the  needs  on  a  smaller 


than  the  whole 


are  some  locations 


region  (at  the  single-county  or  few-county  level)  ,  fTie^^ai 
where  there  is  insufficient  water.  It  is  likely  that  such 


will  be  resolved  by  the  shipment  of  cooling  water  over  fairly  short  distances 
(perhaps  up  to  50  miles  at  most) . 


Nuclear 

The  impacts  from  nuclear-related  energy  functions  are  similar  to  those 
from  coal.  However,  since  the  area  of  extraction  is  likely  to  be  smaller, 
the  impact  of  surface  mining  on  flood  peaks  will  be  less  (when  taken  nation¬ 
wide)  .  Individual  instances  will,  of  course,  be  no  different;  there  will 
just  be  fewer  of  them.  On  the  other  hand,  since  nuclear  power  generation 


.  -■  •  •  .  • 

1 


* . 


M. 


..  ■ 


■'  .  ,11  • 

v  -b 

'  •  '•  ••  ■  i l  ' 

■  f  * .)  ■;  y  ' 


-t 

:  i 

i  ■ ;  ■  t  • 

. .  .  ■ 1 


D  .8-6 


requires  more  cooling  water,  the  impact  of  evaporative  cooling  and 
diversion  is  likely  to  be  somewhat  greater. 


is  the 


policy  issue  here,  as  in  most  other  of  the  impact  areas. 


sions  which  select  among  the  scenarios.  Aside  from 


this  issue, 


,ogical  impacts  suggest  two  others.  The  impact  of 


surface  mining  on  ^oo^s“"can  be  controlled  by  careful  planning  of  the 
manner  in  which  the  laiid.  [ined  and  the  spoils  are  replaced;  but  the 

er  price  tag.  Thus,  the  degree 


most  beneficial  practices  ca 


to  which  the  practice  of  strip 


protection  remains  as  a  policy  issue. 


an  important  need  for  research:  it  is  not 


is  be  regulated  for  flood 

ny  other  cases,  there  is 


'at  xdiis  time  to  what 


extent  good  and  poor  strip  mining  practices  may  a^fecy  the  magnitude  of 


flood  peaks. 

A  second  policy  issue,  which  is  also  mentioned  in  other ^ecti&ns  of 
this  report,  relates  to  the  use  of  once- through  cooling  as  opposed  to 
evaporative  cooling.  Since  evaporative  cooling,  particularly  by  me^ns 
of  cooling  towers,  results  in  the  loss  of  a  significant  quantity  of 


water,  it  is  possible  that  once-through  cooling  may  be  desirable  in 


some  instances. 
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D.9  IMPACTS:  LAND  QUALITY  AND  GEOMORPHOLQGY 


Land  quality,  as  used  herein,  is  limited  to  consideration  of  land 
areas  ussed  for  waste  disposal  and  land  areas  affected  by  by-products  of 
conversion/processes .  Land  quality  considerations  from  the  perspective 


d  land  use  are  treated  in  separate  sections.  Solid 


of  geomorph 


waste  will  be 


function  except 


in  association  with  virtually  every  energy-related 
tat ion.  However,  solid  wastes  can  be  released  to 


the  environment  during  trEnSport . 


Conversion  of  coal  ijn 


ectricity  will  produce  large  quantities  of 


waste.  Surface  mining  will  genej^te.about  1.2  tons  of  overburden  waste 
for  every  ton  of  coal  recovered  ^roi^t^ie  ground  (1).  Underground  mining 
will  produce  about  0.036  tons  of  solid  w^r£b^  for  every  ton  of  coal  pro¬ 


duced  (1).  Coal  cleaning  produces  up  \o  about\0.30  tons  of  solid  waste 
per  ton  of  washed  coal  (1)  .  A  steam-eleccT?4^/^e negating  plant  will  pro- 

'X  X 

duce  about  0.12  tons  of  ash  (recovered  fly  ash  and  bottom  ash)  per  ton 


of  coal  burned  (1) .  If  wet  lime  scrubbing  is  us< 


means  of  stack 


gas  cleaning,  about  0.25  tons  of  dry  scrubber  waste  (iryl^^fh.g  ash)  will 

be  produced  for  every  ton  of  coal  converted  to  electricityX (2)  .\  This 

x  \ 

amounts  to  about  1.75  tons  of  waste  per  ton  of  coal  if  the  coal  conics  from 
strip  mines  and  scrubbers  are  used.  The  comparable  figure  for  "underground 
coal  is  0.91  tons  of  solid  waste  per  ton  of  coal. 

In  most  cases,  these  wastes  will  be  permanently  stored  near  the  site 
where  they  are  produced.  Mining  and  cleaning  wastes  can  generally  be  graded 
back  into  the  mined  areas  or  otherwise  treated  and  stored  near  the  mining 
site.  Scrubber  sludge  disposal  requires  a  specially  constructed  pond  near 


the  generation  station.  A  1,000  MWe  plant  requires  a  30-foot-deep  disposal 


area  covering  about  80  acres  to  store  the  scrubber  sludge  produced  over  a 


} 
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30-year  period  of  plant  generation  (2,  p.  Id-24) .  Procedures  for  returning 
these  areas  to  productive  uses  are  available. 

Land  quality  may  also  be  degraded  over  large  areas  surrounding  coal- 


fired  generating  stations  as  airborne  pollutants  settle  to  the  ground.  The 


man  if 


capabili 


impact  can 


on  of  this  impact  is  in  the  form  of  reduced  biological  productive 
soil  (see  Biological/Ecological  impact  section) .  This 
ated  by  control  of  stack  gas  emissions. 


The  amount  oi 
ting  land  quality  in 


waste  resulting  from  the  nuclear  fuel  cycle  affec- 
S  region  is  much  less  than  that  expected  from 


coal.  It  is  highly  unlik^l^^tf at  uranium  ore  will  be  mined  in  the  region 
by  the  year  2000;  therefore,  ex:ra/ftion  is  not  considered.  Nuclear  fuel 
is  fabricated  in  the  region  but  $he  amount  of  waste  is  small.  Long-term 
storage  of  irradiated  water,  especially  ii 
bility,  poses  substantially  greater  pro 


e  absence  of  reprocessing  capa- 


accomplished  by  concentrating  these  wastes 


ong-term  storage  will  be 


al  waste  disposal  sites 


The  ORBES  region  already  has  a  storage  faci 


and  the  region  is  being  investigated  as  a  Candida  te'-ff  high-level  waste 


repository.  Although  the  amount  of  waste  is  small,  the 


quality  degradation  is  serious  if  confinement  is  incomplete. 


or  low-level  wastes. 


for  land 


ental  re¬ 


leases  of  radioactive  material  at  the  generating  site  or  in  transporralso 


pose  a  serious  threat  to  land  quality.  However,  as  Table  D.9-1  indicates, 
these  events  have  a  low  probability  of  occurance. 

Definite  conclusions  about  the  relative  severity  of  land  quality  im¬ 
pacts  from  the  high-nuclear  RTCs  and  the  high-coal  RTCs  are  not  possible. 
Coal  development  within  the  region  is  certain  to  result  in  widespread  de¬ 
gradation  of  land  quality.  It  is  just  as  certain  that  land  quality  degra¬ 
dation  from  coal  development  can  be  kept  within  acceptable  limits  through 
application  of  existing  technology.  Land  quality  impacts  from  nuclear  de- 
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velopment  are  not  as  certain.  If  existing  technology  is  applied  correctly 
to  nuclear  development,  the  land  quality  impacts  will  be  localized  and  rela¬ 
tively/insignificant.  However,  the  potential  for  land  quality  degradation  is 


immei 


some  unforeseen  natural  or  man-induced  hazard  intervenes  to  negate 


the  saf< 


frecaiWiions  built  into  the  nuclear  program.  The  BOM  RTCs  have 


much  more  skrioua/laHd  quality  implications  than  the  Tech  Fix  RTCs. 


.  .. '  < 
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Geomorphological  impacts  will  result  from  all  coal-  and  nuclear- 
related  functions.  The  impacts  considered  here  are  those  associated 
with  reshaping  the  landscape  and  attendant  disruption  of  drainage  pat- 


severe  during  the  cotTsTpruction  phase  of  development.  Assuming  the  appli- 


posal  are  of  greater  concern.  For  th»se  functions,  production  of  waste 


a  continuing  basis.  Surface  extraction  of  coal\will jcertainly  result  in 


and  possibly,  disturbance  of  aquifer  flow.  In  additionyjbo  these  impacts, 
subsidence  must  be  listed  as  a  significant  impact  of  una^r^rouna\mining . 
Beyond  the  obvious  deformation  of  surface  features  resulting  f 


dence,  the  possibility  of  disruption  of  all  drainage  systems, 


drainage  on  agricultural  land  must  be  considered. 

Possible  off-site  impacts  of  these  geomorphological  changes  are  addi¬ 
tional  sources  of  concern.  Disruption  of  surface  and  underground  flows  of 
water  affecting  downstream  users  has  already  been  noted.  Increased  drain¬ 
age  density,  reduced  surface  permeability  and  reduced  vegetative  cover  re¬ 
sulting  from  conversion  and  utilization  could  cause  changes  in  surface  flow 
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intensity  affecting  erosion  and  deposition  rates  at  downstream  locations. 


,A  comparison  of  geomorphological  impacts  between  RTCs  is  given  in 
Table  J?y9-2.  In  general,  these  impacts  will  be  greater  for  the  RTCs  having 


more  cc 


'lredXgenerating  stations.  The  BOM  RTCs  will  clearly  have  more 


severe  geoVorphaiog'iscal  impacts  than  the  Tech  Fix  RTCs.  Policy  options 
capable  of  reducin^stl^  /Severity  of  these  impacts  include  zoning  or  land 
use  planning  to  limit?  development  to  relatively  insensitive  areas  and  re- 

X/A 

gulations  to  ensure  timely/^md  effective  land  reclamation  for  controlling 
impacts  after  occurrence  of  theVl/nd  disturbance  (Table  D.9-2). 
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TABLE  B  -  ENVIRONMENTAL  QUALITY  (LAND) 
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LEGEND:  SEVERITY  OF  IMPACT:  SV- severe;  M- moderate;  I -insignificant. 

EFFECT  ON  PARTY:  +-favorable;  --unfavorable;  o-neutral;  ?-unknown. 
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TABLE  B  -  ENVIRONMENTAL  QUALITY  (LAND) 
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LEGEND:  SEVERITY  OF  IMPACT:  SV-severe;  M-moderate;  I -insignificant. 

EFFECT  ON  PARTY:  +-favorable;  --unfavorable;  o-neutral;  ?-unknown. 


TABLE  A  -  GEOMORPHOLOGY  -  1  More  More 

severe  (3)  (4)  severe  More 

(1)  (2)  (1)  2000  Tech  2000  Tech  (3)  severe 

1985*  2000  BOM  2000  BOM  or  Fix  1001  Fix  100%  or  (BOM)  or 

Function  Impact  (BOM)  80-20  50-50  (2)  Coal  Nuclear  (4)  (Tech  Fix) 
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TABLE  B  -  GEOMORPHOLOGY  -  2 

Character-  Resulting 

ization  Issues  Potentially  Technological 

Parties  at  of  Impact  or  Responsive  and  Societal 

Function  Impact  Interest  on  Parties  Problems  Policy  Options  Agencies  Accommodations 
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LEGEND:  SEVERITY  OF  IMPACT:  SV-severe;  M-moderate;  I -insignificant. 

EFFECT  ON  PARTY:  +-favorable;  --unfavorable;  o-neutral;  ?-unknown. 


TABLE  A  -  GEQMORPHDLOGY  -  3  More  More 

severe  (3)  (4)  severe  More 

(1)  (2)  (1)  2000  Tech  2000  Tech  (3)  severe 

1985*  2000  BOM  2000  BOM  or  Fix  100%  Fix  100%  or  (BOM)  or 

Function  Impact  (BOM)  80-20  50-50  (2)  Coal  Nuclear  (4)  (Tech  Fix) 
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D.10  BIOLOGICAL  AND  ECOLOGICAL  IMPACTS 


The  significant  biological  and  ecological  impacts  of  the  range  of 
electrical  production  activities  are  listed  in  Table  D.10-3  at  the  end  of 
this  section.  In  characterizing  the  impacts  for  the  scenarios,  the 


impacts  of  a  single  process  or  site  is  generalized.  To  make  distinctions 
e  two  fuel  mixes  to  the  year  2000  a  subjective  estimate  of  the 
probability  on  occurrence  and  the  aggregate  effects  are  used.  Parties 


at  interes 


th  sase  exceptions,  are  those  groups  that  would  be  subjected 


hese  impacts  tend  to  flow  from  an  assessment 


directly  to  the  imt 


of  the  enhancement  or  dagj?  ion  of  the  quality  of  biological  and  eco¬ 
logical  uses  of  the  land 


EXTRACTION 


Surface  mining  of  fuel  (coal  or  nuclear!  nec 
plant  and  animal  communities.  For  natural  systems 
replacement  with  bare  ground.  As  reclamation  begins, 


ly  destroys  existing 


suit  is  their 


usqs  of  the  land 


may  follow.  For  example,  if  natural  vegetation  is  fostered 


^/^oung^ 


re 


will  be  established  that  will  be  a  suitable  habitat  for  upland  game. 
Thus  a  secondary  impact  of  strip  mining  is  to  potentially  increase  the 


amount  of  area  available  to  hunters.  However,  the  time  required  for 
natural  revegetation,  measured  in  decades,  may  be  unacceptably  long. 

If  the  area  to  be  strip  mined  is  productive  for  agricultural  or  forest 
products,  its  annual  yield  will  be  lost,  perhaps  forever,  or  at  least  until 
some  future  date.  Since  the  supply  of  productive  soils  is  finite,  and 
since  demand  for  its  products  generally  lags  population  growth,  the  full 


impact  of  the  loss  of  productive  lands  may  not  be  realized  until  some  time 


in  the  future. 
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Strip  mining  and  deep  mining  will  have  a  detrimental  effect  on  surface 
waters  through  siltation  and  acid  drainage  and  will  reduce  the  habitat 
available  to  aquatic  populations.  This  will  result  in  an  overall  decline 
in  productivity. 

mining  and  concomitant  surface  subsidence  will  have  an  adverse 


ef feci 


fui^iace  drainage.  Without  corrective  measures,  the  surface 


communities  wi^^Nae  altered,  and  agricultural  lands  will  become  less 


productive. 


With  the  minin4/adlllvity  implied  for  all  scenarios,  it  is  likely  that 


significant  sites  will  b 


Hj/^f^eatened.  A  significant  site  is  one  that  has 


unusual  ecological,  histories 


Parties  at  Interest 


The  impacted  parties  from  fuel  ex' 
land  for  recreation  and  agriculture,  envi 
well  as  urban  dwellers  near  minable  land.  The 


archaeological  value. 


ill  include  people  who  use 


ts  and  scholars  as 


ing  public  will  also 


be  affected.  The  potential  recreational  gains  froflT’^rip  mining  would 
likely  be  offset  by  losses  of  recreational  areas.  The  overall  ^uiality  of 


recreational  land  is  likely  to  go  down  in  the  short  term.  Thbse  wil 
agricultural  interests  would  be  faced  with  higher  land  cost  caused/^y 
reduced  supply.  Water  utilities  would  face  potentially  higher  costs  in 
water  purification  because  of  higher  sediment  loads  and  reduced  water  pH, 
Consumers  could  face  higher  food  costs  through  decreased  supply  of  agri¬ 
cultural  land. 

The  response  of  agricultural  and  recreational  parties  to  proposed 
strip  mining  would  be  expressed  through  existing  interest  groups  such  as 


the  Grange,  Farm  Bureau,  National  Wildlife  Federation,  Sierra  Club  and 
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ad  hoc  groups.  Their  options  would  be  to  lobby  for  enactment  of  state  or 
federal  strip  mining  laws  or  strict  enforcement  of  existing  laws.  Action 
by  state  fish  and  wildlife  agencies  and  water  utilities  would  vary  according 


to  their  available  options.  Little  or  no  action  would  be  anticipated  by 


ler  groups. 


ficant  area  is  threatened  through  mining  activity,  strong 


resistai 


priate  state 


expected  from  environmentalists  and  scholars  and  appro- 


Their  first  avenue  of  opposition  will  likely  be 


through  court  acticm.  \lf  this  method  is  inadequate  they  can  be  expected 
to  press  for  additional'  A/gal]  pr/tection  for  areas  with  great  intrinsic 
value. 


Policy  Options: 

1.  Future  land  use 

The  central  issue  regarding  strip-mined  land  isNo^  pj^ected  use. 

With  areas  that  have  great  intrinsic  or  agricultural  vafhe,  the/XLuestion 
is  whether  this  land  should  be  mined  at  all. 

For  areas  subjected  to  surface  mining,  policy  options  are  limited  tp 
deciding  future  use  of  the  land  which  may  not  be  satisfactory  to  all 
impacted  parties.  Consumers,  county  governments  and  in  some  cases  recrea¬ 
tionists  would  like  the  land  reclaimed  in  some  manner  suitable  for  recreation, 

One  possible  option  is  to  allow  the  mined  areas  to  be  revegetated  and  lie 

fallow  for  a  period  of  years  before  being  returned  to  productive  agriculture. 

The  long  term  benefits  of  this  option  may  be  best  for  all  parties. 

Areas  with  great  intrinsic  value  are  in  general  protected  by  law.  If 
they  are  threatened,  their  protection  can  be  achieved  through  court  actions. 


Valuable  agricultural  land  is  at  present  protected  at  the  county  level 


i  ' 
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through  county  zoning  where  such  zoning  exists.  This  land  can  be  protected 


throughout  by  state  zoning  which  would  prohibit  surface  mining,  or  by 
federal  law  which  would  require  that  land  be  returned  to  its  previous 
productivity.  It  should  be  pointed  out,  however,  that  at  present  such 
law^  are  in  the  early  process  of  development  and  implementation. 

'Agricultural  interest  can  seek  relief  from  damages  suffered  from 
drainage  [ impaiment  through  court  action.  Mining  companies  can  be  held 


legally  res} 


Lble  T^o  repair  damages  to  drainage  systems.  However,  the 


land  may  continue  tT)  Subside  after  the  mining  company’s  responsibility 
has  terminated.  One  po^i^^^ty  to  compensate  for  this  would  be  to  assess 
a  severence  tax  on  deep  mined  \co^----aqld  allocate  that  tax  to  drainage  dis¬ 
tricts  for  repair  and  maintenandp  of^s^bsurface  drainage  systems. 


2.  Protection  of  surface  water 


The  sediment  load  from  surface  miningvcan  b 


requiring  sediment  screens,  strips  of  vegetati 


uced  or  controlled  by 


it  reams  and  rapid 


revegetation  of  mined  areas.  Buffer  zones  of  vegeta  Ln^tTo ild  be  beneficial 


in  reducing  acid  runoff.  The  sediment  load  from  deep  mine 


reduced 


by  the  use  of  sedimentation  ponds.  Water  treatment  may  be  reqiKred  t 
decrease  the  acidity  of  the  drainage  water.  Another  option  is  to  deny 
discharge  into  surface  waters  and  levy  fines  against  violators  which  would 


be  used  to  rehabilitate  damaged  waters. 


PROCESSING 

Significant  amounts  of  SO  ,  NO  and  fluorides  are  released  during 

X  X 

processing  and  enrichment  of  nuclear  fuels.  The  estimated  annual  emissions 
for  a  1000  MW  facility  operated  at  100%  capacity,  in  metric  tons,  are, 
respectively,  23,  39  and  1.2  (7).  These  materials  and  especially  fluorides 


- 


■ 


) 
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are  toxic  to  living  things.  These  pollutants  will  be  released  near  ground 
level  exacerbating  the  problem. 

Because  two  of  the  three  enrichment  facilities  are  located  in  the 
ORBES  region,  Portsmouth,  Ohio  and  Paducah,  Kentucky,  the  national  use 
of  qwclear  fuels  will  have  an  adverse  effect  on  these  locations.  The 
iat£d  emissions  for  the  year  2000,  assuming  50%  capacity  and  equal 
amounts  o^proc^s^ing  at  each  location  are  listed  in  Table  D.  10-1. 

TABLE  D. 10-1 

ESTIMATEtf/fcMI$SIOt^OF  S0V,  NO  AND  FLUORIDES 

X  X 


FROM  NU( 


FUELS  PROCESSING 


Scenario 


Number  of 
teratio 
in  the  U.S. 


nVfolear  \ 


generation  pl\antsv  ' 

sN— > 


Emissions  (tons/year/location) 


NO. 


X 


Fluorides 


BOM  80:20 

175 

\670 

1  >^1100 

35 

BOM  50:50 

493 

1900 

v  3^30 

98 

Ford  Tech  Fix 

100 

390 

20 

100%  Nuclear 


Electrical  plants  in  existence  in  1985  are  not  included  in  tneses^est images . 
These  estimates  assume  that  16%  of  the  total  electrical  production  occui 
in  ORBES  and  that  the  national  fuel  mix  is  identical  to  the  ORBES  region. 
The  estimated  emissions  are  sufficient  to  cause  concern  over  possible 
losses  to  plants  and  damages  to  wildlife  and  domestic  animals. 


Parties  at  Interest 

Landowners,  including  farmers  and  the  general  public  are  impacted 
parties.  Property  owners  who  suffer  loss  or  damages  are  likely  to  seek 
compensation.  The  general  public  is  likely  to  request  additional  controls 


on  emissions. 
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Policy  Options 

Are  emission  standards  adequate  or  enforced?  A  primary  policy  option 
is  to  require  more  stringent  enforcement  of  emission  standards  if  enforce¬ 
ment  is  lax.  If  existing  standards  are  inadequate  to  maintain  acceptable 
air  quality,  new  standards  may  be  implemented.  If  these  options  prove 
in^rdeq^te  to  prevent  damages,  impacted  parties  may  seek  relief  and/or 

hrough  litigation. 


Vegetation  can  Ifecdqmaged  and/or  killed  from  exposure  to  SO^,  0^,  N0^ 


and  heavy  metal  emissio 


electrical  conversions.  These  impacts 


will  be  highly  localized  and  sbe^rfirK  to  certain  plants.  Agricultural 
crops  like  alfalfa  and  tobacco  c^  b^ expected  to  be  damaged.  The  extent 
of  the  damage  will  be  proportional  to  the  expb^re.  If  the  exposure  of 
natural  communities  is  sufficiently  high/Nproducfci'^ty  will  decrease 
and  existing  communities  will  be  replaced  by  several  yobnger  ones  (8) . 


The  impacts  of  acid  rainfall  on  ecosystems  are  n* 


understood 


at  this  time,  but  potentially,  they  are  numerous  and  comple 


Antici¬ 


pated  ecological  effects  from  acid  rain  include  changes  in  the  x-qachirf) 
rates  of  canopies  and  soils,  alteration  of  predator-prey  relationships/ 
acidification  of  surface  waters,  changes  in  metabolism  rates  of  organisms  (3) 
and  decreased  growth  rates  of  forests  (6,  9).  The  leaching  of  terrestrial 
systems  could  also  increase  the  eutrophication  of  surface  waters.  If  the 
buffering  capacity  of  the  terrestrial  systems  is  insufficient,  the  acidity 
of  surface  waters  will  increase  and  a  decline  in  the  sport  fisheries  will 


result . 


The  greatest  impacts  of  acid  rainfall  will  occur  downwind  and  probably 


.  .•  .  V 


■  ■- 


•  '• 


. 


.. .  ; 


D. 10-7 


out  of  the  ORBES  region.  Based  on  information  given  by  Johnson,  Reynolds 
and  Likens  (3) ,  the  greatest  impacts  will  be  in  the  Northeastern  Appalachian 
mountains. 

The  number  and  distribution  of  coal  fired  boiler  facilities  (CFBs)  for  each 
of  the  BOM  scenarios  raise  serious  questions  about  future  air  quality  if 
presprft  emission  standards  are  used.  Augemental  air  standards  for  class  1 


areas. 


tration 


that  region. 


y  to  be  violated  throughout  the  ORBES  region.  The  concen- 


the  Ohio  River  is  likely  to  have  severe  impacts  on 
ncluding  ornamentals,  rare  and  endangered  species, 


common  garden  varieties ,\  he  :ultural  and  agricultural  species,  are  likely 


to  be  damaged  or  killed.  Certai 


of  agriculture  will  be  driven 


from  the  region.  General  productUvitv  of  the  area  is  likely  to  decline 
due  to  deposition  of  acidic  materials.  The  impabt  on  animal  life  will  be 
no  less  severe.  Important  historical  sitess's^e^^e]_ys^°  be  damaged  through 
the  corrosive  action  of  SO^-related  materials. 

Contamination  by  Radioactive  Materials 

Nuclear  facilities  are  assumed  to  pose  a  small  but  real  threat  of 
contaminating  the  environment  with  radioactive  materials.  If  the  threat 
to  humans  is  sufficient  to  preclude  their  location  in  populated  areas, 
then  they  must  also  present  a  threat  to  adjacent  ecosystems.  If  the 
radiation  is  severe  the  system  will  revert  to  younger  successional  stages  (8) 


Little  is  known  of  the  long  range  effects  of  low-level  exposure. 


Parties  at  Interest 

Agricultural,  recreational,  environmental  and  ad  hoc  groups  are  the 
private  interest  groups  that  will  probably  respond  to  environmental  impacts 
of  coal  conversion.  Those  farmers  adjacent  to  plants  who  suffer  damage 


' 
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would  respond  with  threat  of  or  actual  litigation.  Environmental,  rec¬ 
reational  and  ad  hoc  groups  are  expected  to  appeal  to  appropriate  state 
or  federal  agencies  to  enforce  existing  laws  or  to  implement  new  legis- 


small  streams  that  could  not  disperse  the  heat  load 


region,  however,  game  fish  yields  will  probably  be  improved  by ‘feasted 


water.  Cooling  waters  enhance  sport  fishing  on  small  reservoirs  by  lengthen! 


the  fishing  season  and  concentrating  the  fish  in  the  discharge  waters 
during  cooler  months.  Growth  rates  of  fish  are  also  greater  in  heated 
waters.  The  cause  for  the  difference  in  growth  rate  is  unknown,  although 
Coutant  (1)  suggests  that  it  could  be  due  to  temperature  effects  or  to 
discharge  currents  disrupting  summer  stratification.  Another  possible 
reason  is  the  longer  growth  period  in  heated  water. 

Waste  heat  can  be  effectively  utilized  through  multipurpose  cooling 
reservoirs  (1).  New  recreational  areas  can  be  created,  although  at  the 
expense  of  existing  land  use,  and  most  of  the  deleterious  effects  associated 


with  waste  heat  can  be  avoided. 


s 


‘ ! 
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Cooling  towers  discharge  chlorine  and  anticorrosive  agents  into  the 

f 

atmosphere.  These  materials  can  have  a  deleterious  effect  on  the  surrounding 
ecosystems.  Cooling  towers  require  makeup  water  which  decreases  stream 
flow  and  diluting  capacity  as  well  as  discharging  of  toxic  materials  and 
:ip<5rrosive  agents.  These  materials  can  cause  fish  kills  and  increase 
eutroj^wation\of  streams  and  other  surface  waters. 

Parties  at  Irvcerest 


Recreational  groups, \  ad 
the  impacted  parties  fro 


groups  and  federal  or  state  agencies  are 


s  or  eutrophication  of  surface  waters 


All  groups  would  be  expected  torr/eact  in  the  same  manner  as  above. 

V> 

Policy  Options: 

1.  Are  standards  adequate  or  enforced? 

One  option  always  available  to  impacted  or  damag£tk-£art>as  is  to  sue 
for  relief  or  compensation.  Agencies  responsible  for  setting  and^enforce- 
ment  of  standards  may  fine  or  shut  down  violators.  If  air  qumte  cann 
be  maintained,  responsible  agencies  may  require  a  dispersed  siting  polic 


and/or  smaller  plants  as  opposed  to  the  BOM  scenarios.  With  the  number 
of  CFBs  implied  under  the  BOM  new  emission  standards  may  have  to  be  imposed. 
The  central  questions  raised  in  regard  to  nuclear  generators  are: 

How  safe  are  they? 

How  will  spent  fuels  be  recycled? 

How  will  radioactive  waste  be  disposed  of? 

The  policy  options  are  to  rigidly  enforce  existing  standards  or  to  adopt 
new  standards  and  enforce  them.  Safe  methods  to  recycle  fuels  must  be 
developed  and  storage  methods  must  be  found.  Another  option  that  has  been 
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suggested  is  to  declare  a  moritorium  on  future  nuclear  development  until 
these  problems  have  been  solved. 


2.  What  is  the  best  method  of  disposing  of  waste  heat? 


The  present  options  are  to  use  cooling  towers  or  cooling  reservoirs. 


irs  should  be  cheaper  to  build  and  maintain  and  also  have  the 


resenting  new  recreational  areas.  However,  they  are  a 


d  than  cooling  towers.  Through  judicious  siting,  this 


rvoirs  can  be  prevented. 


The  qualitative  compariso 


has  greater  impacts  than  BOM  50: 


le  D.10-3,  indicate  that  BOM  80:20 


hat 


:d  Tech  Fix  100%  coal  has 


greater  impacts  than  100%  nuclear;  and/that  thev  BOM  scenarios  have  greater 
impacts  than  the  Ford  Tech  Fix.  These  comjvarisons  a*e  based  largely  on 


the  anticipated  impacts  of  energy  production  with 
weight  on  radiation  hazards  of  nuclear  fuels. 


and  places  little 


The  estimated  annual  emissions  of  SO^  of  particulates, 
for  the  years  1975  and  1985  within  the  context  of  the  four  scenarios  a 
compared  in  Table  D.10-2.  For  1975  and  1985,  coal  and  oil  are  assumed  to 


have  the  same  emission  rates  per  1000  MW(E)  as  follows: 


SO, 


7.4  x  10  tons/year 


Particulates 

NO 

x 


4.3  x  10  tons/year 

4 

2.8  x  10  tons/year 


For  installations  after  1975,  new  source  standards  are  assumed.  An 


efficiency  of  37%  (5)  and  an  average  capacity  of  50%  are  also  assumed  in 


these  estimates. 
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TABLE  D. 10-2 


ESTIMATED  YEARLY  EMISSIONS  OF  S0o,  PARTICULATES  AND  NO 

2  x 


BOM  80:20 


BOM  50:50 


Ford  Tech  Fix 


100%  Coal 


100%  Nuclear 


4.3  x  10 


Emissions  (Tons /year) 


Particulates 


NO, 


4.9  x  10 


2.4  x  10' 


2.9  x  10' 


1.6  x  10 


1.9  x  10 


4.7  x  10' 


3.8  x  10' 


3.2  x  10 


2.6  x  10 


4.4  x  10 


4.1  x  10 


1.8  x  10 


1.6  x  10 
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Based  on  these  assumptions,  the  air  quality  will  deteriorate  slightly 
by  1985.  Either  of  the  BOM  scenarios  will  cause  significant  deterioration 


of  air  quality  by  the  year  2000.  The  Ford  Tech  Fix  100%  coal  will  result 
t  reduction  of  emission  over  1985  levels,  but  emissions  will  be 
sligktlf  in  excess  of  1975  levels.  The  Ford  Tech  Fix  100%  nuclear  scenario 


has  emissiT 


estimated  emission 


and  particulates  similar  to  1975  levels,  and  the 


these  comparisons,  the 
and  would  be  preferable. 


are  slightly  below  1975  levels.  Based  on 
tch  Rix  100%  nuclear  has  the  least  impacts 


Natural  systems  are  expected 


pollutants.  When  the  input  of  toxic  mat 


somehow  detoxify  man-made 


stem  exceeds  the 


capacity  to  detoxify  these  materials,  the  systeny^ill  deteriorate.  There 


is  ample  evidence  that  this  capacity  is  being  approach 


ceeded  for 


much  of  the  nation  east  of  the  Mississippi  River  (3,  4,  5,  6,q9)/  T 


SO^  emissions  of  much  of  the  Ohio  River  Valley  and  the  State  of  Ohi 

2 

exceed  20  tons/km  (4),  and  the  pH  of  rainfall  is  less  than  5.0  for  much 

of  the  ORBES  region  and  the  Northeast  (3,  4) .  This  implies  that  the 

present  emission  standards  are  inadequate  and  that  more  stringent  standards 

must  be  set  to  reduce  total  S0„  and  NO  emissions  below  present  levels. 

2  x 

The  use  of  taller  stacks  and/or  a  dispersed  site  are  insufficient  to 
meet  these  goals.  These  policies  only  serve  to  make  the  impacts  more 
equitable.  To  achieve  the  goal  of  a  reduction  the  total  emissions  of  SO^ 
and  NO  ,  existing  facilities  must  reduce  emissions  through  coal  cleaning 

X 

and/or  retrofitting  scrubbers,  and  new  source  standards  must  be  more 
stringent.  These  policies  will  undoubtedly  increase  the  cost  of  electricity 
and  reduce  demand.  The  reduction  in  demand  should  further  reduce  emissions. 


In  the  past  electrical  energy  supply  has  been  governed  by  demand.  This 
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policy  needs  reevaluation  and  changing  at  least  until  total  emissions  of 
acid  producing  materials  are  reduced. 

Our  total  use  of  electrical  energy  should  be  evaluated  to  identify 


areas  where  consumption  can  be  reduced.  Luxury  usage  of  electrical  energy 


should 


is  possibl 


ntified  and  possibly  eliminated.  Areas  where  conservation 

uld  be  identified  and  policies  should  be  adopted  to  encourage 


conservation. 


The  total  impact  o 


^-fired  plants,  from  mine  drainage  to  acid 


rainfall,  cannot  be  over-empHasiz^d .  We  are  not  only  deteriorating  our 


natural  systems,  but  are  damaging  the  heritage  of  future  generations. 
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TABLE  A  -  IDENTIFICATION  AND  CHARACTERIZATION  OF 
BIOLOGICAL  AND  ECOLOGICAL  IMPACTS  -  1 
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LEGEND:  SEVERITY  OF  IMPACT : \SV- severe ;  M- moderate;  I -insignificant. 
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D.ll  EMPLOYMENT  IMPACTS 


EMPLOYMENT 


Direct  employment  patterns  associated  with  new  energy  conversion 
facilities  Ararv  by  type  and  size  of  the  project  (Figure  1) . 1  During  the 


planning  and 


over  a  short  p 


ction  phase,  the  number  of  employees  increases  rapidly 


ime  and  then  drops  from  the  peak  construction  force 


to  a  relatively  smalryajfd'  stable,  operating  force.  Of  the  type  of  con¬ 
version  facilities  projected  for  the  ORBES  region,  coal  gasification  re¬ 
quires  the  largest  number  i^^on struction  employees  over  the  shortest  period 
of  time.  Coal-fired  and  nuclear ^tfptfer^d  units  have  a  similar  construction 
schedule  over  a  longer  period  of  t\jrne^  'A  nuclear-powered  facility  requires 
a  larger  peak-construction  force,  although  it  n^s  the  smallest  number  of 
operating  employees. 

Direct  employment  opportunities  will  lea<2/\vp  a  chain  of  impacts  which 
include  demographic  change,  and  a  host  of  other  imparts  in  economic,  social 
and  institutional  areas  (cf.  1,2).  Some  of  these  are  considered  first-order 


impacts;  others  are  interrelated  second-  and  higher-order 


impacts,  including  other  employment  impacts,  are  considered  in  subsequent 


These 


sections . 


1  Figure  D . 11-1  is  from  (1 , p . 4) .  The  substitute  coal  gasification  plant 
(250  million  cubic  feet  per  day)  is  proposed  by  El  Paso  Natural  Gas 
Company  and  Western  Gasification  Company  for  the  Navajo  Reservation; 
the  nuclear  Calvert  Cliffs,  Maryland;  the  coal-fired  plant  is  at  Page, 
Arizona;  and  the  coal  export  mine  (9  million  tons  production  per  year) 
is  at  Fruitland,  New  Mexico.  Other  direct  employment  figures  are  in 
(4,  pp.  12-35). 
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D . 12  DEMOGRAPHIC  IMPACTS 


INTRODUCTION 


The  first-order  demographic  impacts  associated  with  new  energy  conver¬ 


sion  facilities  are  changes  in  population  size,  migration  patterns  and  selec¬ 


ted 


ample , 


rural  characteristics  of  the  population.  Coal  extraction,  for  ex¬ 


in  increased  rates  of  population  growth  locally  because 


of  increas 


reduced  out-mi 


birth  rate,  age  stru 


emand ,  and  a  subsequent  increase  in  in-migration  or 


tes.  No  significant  changes  are  expected  in  the 


sex  ratio  of  the  resident  population;  death 


rates  may  increase.1  The  demographic  impacts  of  underground  mining  are 


expected  to  be  greater  than  the  demographic  impacts  of  surface  mining  be¬ 
cause  of  different  labor  requirer 


Vf  \ 

irei^ent^  J 

Significant  demographic  impacts  are  y^lsX  associated  with  conversion 


’i  \  i 

facilities.  The  first  impacts  are  f  rom\onstruc]t  ion  workers  and  their 
families  who  either  move  into  the  community  asysemi-permanent  residents. 


or  are  long-term  commuters.  Construction  employmervt_^in  turn,  may  create 


a  demand  for  indirect  as  well  as  income-induced  emplo 


because  of  the 


expansion  and  diversification  of  the  economic  base  (Fig.  D.ll^l)  N\s  the 
number  of  construction  workers  declines  and  the  population  drop^s  from\the 
temporary  peaks,  the  primary  source  of  population  changes  during  th^operh- 
ting  phase  of  the  facility  changes  to  indirect  employment  opportunities. 
These  indirect  impacts,  as  well  as  those  associated  with  end-use  functions, 
are  second-  and  higher-order  impacts  which,  in  the  long  term,  may  have  the 
most  significant  cumulative  impact  upon  the  demographic  characteristics  of 
the  ORBES  region. 


'Death  rates  are  considered  under  Public  Health  impacts. 

'This  assumes  that  transportation  and  waste  disposal  are  included  in  a  general 
category  of  "operating  functions." 

^Figure  D.12-1  is  from  (7,  p.8). 
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The  patterns  of  population  change  shown  in  Figure  D. 12-1  are  generalized  for 
places  which  follow  a  "boom  town"  cycle  such  as  is  common  to  energy  develop¬ 
ment  in  the  west  (1,8,9,14,20,22).  They  will  vary,  however,  according  to 
the  number,  type  and  size  of  facilities  and  the  socioeconomic  environment 


of  the  region  within  which  they  are  located.  Five  considerations  are  impor¬ 


tant  ( 


more  like 


p.  45-51).  First ,  the  more  labor-intensive  the  technology,  the 


unity  will  experience  significant  demographic  impacts. 


The  impacts 


facility.  Seco 


force  is  large,  and 


er  between  the  construction  and  operating  phases  of  a 
pacts  will  be  greater  where  the  peak  construction 


pc/Tuiio  of  construction  to  operating  employees  is 
high.  In  this  sense,  coal  jg^^lcation  will  have  the  greatest  impact,  fol¬ 
lowed  by  coal-fired  and  nuclear-t  owea^ctKf acilities .  Third,  impacts  will 

V( \  — 

vary  according  to  the  time  phasing  \and\lcyc at  ion  of  new  plant  construction. 
Dispersed  siting  is  assumed  for  the  ORBES  regions.  However,  if  several  sites 


(counties)  are  near,  or  adjacent  to,  one  arhsther, 


impacts  will  be  greater 


than  if  plants  were  more  dispersed  geographically^  Fourufri,  impacts  will  vary 


by  community  size.  Small,  isolated  rural  communities  usu 


provide  very 


few  services  and  facilities  and  have  little  or  no  planning  r  growth  manage¬ 


ment.  Fifth,  the  impacts  vary  according  to  the  size,  composi 


eo- 


graphical  distribution  of  the  labor  force.  A  large  local  labor  force  wh^ct 
is  diversified  to  meet  the  employment  demands  of  new  energy  development  will 
reduce  the  number  of  in-migrants  or  the  distance  from  which  they  will  migrate 


or  commute. 


Bureau  of  Mines  Scenario 
Extraction 

Population  growth  in  areas  of  coal  extraction  for  the  Bureau  of  Mines 
scenario  is  very  likely  to  occur  through  the  year  2000  as  a  result  of  a  re¬ 
duced  out-migration  and,  in  the  long-term,  increased  in-migration.  For  this 
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reason,  underground  mines  have  a  greater  demographic  impact  than  surface  mines 
because  they  are  more  labor-intensive.  Surface  mines  have  less  impact  on  pop¬ 
ulation  growth  than  upon  the  socioeconomic  characteristics  of  the  local  popu¬ 
lation  because  of  selective  in-migration.  Assumptions  about  the  coal  supply 
for/th^fiew  facilities  state  that  an  increasing  proportion  will  come  from 


undergi 


"miiies  in  the  ORBES  region  (see  Section  D.3).  Consequently 


demographic  impact ssjresul ting  from  extraction  are  expected  to  increase  toward 
the  year  2000. ^ 

This  study  assess  ihat  an  adequate  supply  of  nuclear  fuel  is  available 
for  import  to  the  ORBES  negvon.l  Demographic  impacts  may  result  in  places 
where  the  extraction  functions  located.  However,  this  will  have  no  sig- 


nificant  demographic  impact  in  th< 


Conversion 


Lon . 


Population  growth  is  almost  certain  to  occur  oVe  £he  long  term  as  a 


result  of  the  conversion  function.  The  amount  of  grot^th^nd  its  character¬ 


istics,  however,  will  depend  upon  the  particular  fuel  mix  an 


1  Zhe  g^g 


raphic 


distribution  of  facilities  in  each  RTC.  The  majority  of  the  plants  locapqd 
in  contiguous  blocs  of  counties  (for  example,  in  southwestern  Indiana /and 
Ohio,  and  along  the  Ohio  River  in  southeastern  Ohio)  are  in  counties  which 
have  population  growth  rates  since  1970  which  are  higher  than  state  average 
and  which  are  within  or  adjacent  to  Standard  Metropolitan  Statistical  Areas 
(SMSAs) .  Most  new  facilities  are  located  in  counties  which  have  existing 
(1975)  or  planned  (1975-1985)  facilities;  and  furthermore,  most  nuclear 
plants  are  located  in  counties  which  are  also  sleeted  for  new  coal-fired 
facilities . 

This  pattern  will  have  mixed  demographic  effects.  In  the  long  term. 


local  population  growth  rates  will  accelerate  as  the  result,  first,  of  a 
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decrease  in  out-migration  and  then  of  an  increase  in  in-migration.  The  acces¬ 


sibility  of  the  new  facilities  to  major  metropolitan  labor  markets  may  dampen 
this  trend  somewhat  and  distribute  it  more  equitably  at  multi-county  scale 
if  /commuting  patterns  allow.  The  short-term  impacts  generally  associated  with 

ion  may  also  be  less  significant  locally  for  the  same  reason.  However, 
the  seal  and  place  of  development  under  the  BOM  scenario  are  so  great  that  the 


aggregate 


ffects  will  be  significant  at  local,  multi-county  and 


perhaps  even 


Relatively  few  countn. 


e  "boom  town"  site  characteristics,  analagous 


to  those  in  the  western  United  spares.  ^Counties  that  do  are  in  southeastern 
Illinois  and  southwestern  Indiana. ar^  s.111  accessible  to  metropolitan 


labor  markets  which  are  projected  sources 


e/L  construct  ion  workers 


(cf  2,  pp .  4.57-59).  Nevertheless,  additional  emoS^oymeri  ^opportunities  will 
reduce  out-migration  as  well  as  increase  in-migration  of  ^r6oi^ers  and  return 
migrants  (8,17) . 


Utilization 


The  demographic  impacts  which  are  associated  with  end-use  functions  are 
second-  and  higher-order  effects.  They  are  also  largely  unknown.  Recent 
studies  of  industrialization  in  non-metropolitan  areas,  however,  show  that 
whereas  the  majority  of  new  jobs  are  taken  by  local  residents,  newcomers 
and  return  migrants  will  compete  successfully  for  those  jobs  requiring  higher 
skill  levels  (8,17).  The  in-migrants  may  be  the  minority  of  the  population 
growth  in  an  area,  but  they  will  be  significantly  different  from  the  people 


who  remain  as  residents. 
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Comparison  of  80-20  and  50-50  RTCs 


The  demographic  impacts  assoicated  with  the  80-20  fuel  mix  will  be  more 
severe  than  those  associated  with  the  50-50  fuel  mix.  In  general,  the  former 
is  mor£  l^&or-intensive  in  the  conversion  function  and,  because  of  assumptions 
about  the/cp^f''lTfrftply ,  in  extraction  functions  as  well.  Also,  the  geographical 
distributionVof  syL£b\in  the  80-20  RTC  is  more  dispersed  and  includes  more  non¬ 
metropolitan  counti) 

The  short-term  impafcts  during  construction  may  not  differ  significantly 


among  the  two  RTCs,  althougj 
plants  suggest  that  in-migration 


skill  levels  required  for  nuclear-powered 


re^more  important  in  the  50-50  RTC. 


In  the  long  term,  the  impact  of  in-Hjigf^ion  during  the  operating  phase  of 
both  RTCs  may  result  in  a  younger  age  distvubutioii  for  residents  at  the  site, 

No  significant  changes  in  either  the  naturalNmoveir  ntSof  the  population  (births 


and  deaths)  or  sex  ratio  are  expected.  Perhaps 


ignificant  character¬ 


istic  of  the  BOM  scenario  is  the  great  demand  for  labo 
time  phasing  of  new  plant  construction  requires. 


A  demographic  impact  which  is  common  to  both  RTCs  is  the  effect  o 
energy  development  upon  population  change  in  counties  which  have  no  new 


the  number  and 


energy  conversion  facilities.  They  may  experience  either  reduced  rates  of 
in-migration  or  increased  rates  of  out-migration  as  people  move  to  areas 
with  new  economic  opportunity.  Assuming  that  migration  to  and  from  the 
ORBES  region  is  insignificant,  population  redistribution  at  multi-county 
or  subregional  scale  will  contribute  significantly  to  a  shift  of  population 
growth  to  suburban  and  non-metropolitan  areas  where  new  energy  development 


is  located. 
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Comparison  of  BOM  and  Ford  Technical  Fix  Scenarios 


The  scale  and  intensity  of  demographic  impacts  for  the  Ford  Technical 
Fix  /scep«rio  is  more  local  and  much  less  severe  at  regional  scale  than  for 


the  BOMr  s< 


<o .  The  coal-based  RTC  has  a  greater  long-term  impact  in  terms 


of  total  population  growth  if  only  because  of  the  extraction  function  and  the 


slightly  larger  number) of  employees  required  to  operate  coal-fired  facilities 
The  nulcear  RTC  wil^^avt  Lhe  largest  short-term  impact  because  of  the  large 


number  of  peak-construct ioi 


»loyees  and,  in  the  long  term,  because  the  se¬ 


lective  in-migration  of  operatingvffe^sonnel  will  bring  people  of  higher  socio¬ 


economic  characteristics  into  locAal 


L5*  nunities.  However,  the  differences 
between  the  two  Tech  Fix  RTCs  are  not  sis  nt  end-use  functions. 


The  demographic  impacts  of  the  Ford  Technic, 
cant  and  severe  at  local  scale.  There  is  no  r 


RTCs  will  be  signifi- 
elieve  that  they  will 


have  any  significant  impact  upon  population  growth  p 


which  are  adjacent  to  the  sites,  except  in  southeastern  On 


are  grouped  along  the  Ohio  River  and  adjacent  to  several  SMSAs. 


Issues,  Problems  and  Parties  at  Interest 


beyond  the  counties 


e  the  sites 


Building  new  energy  conversion  facilities  in  non-metropolitan  areas  may 
be  considered  as  a  potential  source  of  local  economic  growth.  Recent  surveys 
show  that  local  residents  overwhelmingly  support  it  as  such,  especially  if  the 
area  has  a  high  unemployment  rate  and  the  people  are  from  lower  socioeconomic 
groups  (cf.  6).  However,  the  same  people  offer  significantly  less  support 
for  population  growth  which  may  accompany  either  energy  development  or  indus¬ 
trialization.  This  seeming  paradox  may  reflect  their  parochialism,  but  it  may 
also  represent  an  apprehension  toward,  or  intuititive  understanding  of,  real 
problems  which  may  result  from  the  demographic  impacts  associated  with  new 
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energy  development.  A  major  problem  in  assessing  energy  development  is 
the  comparison  of  long-term  benefits  with  the  short-term  impacts  which  may 
accompany ^rapid  large-scale  development. 

impacts  affect,  directly  or  indirectly,  a  large  number  of 


parties  at 


tion  growth,  a 


(Table  D . 12-1)  at  local  scale  —those  concerned  with  popula- 


ation,  in  particular,  including  the  real  estate  and 


housing  industries;  p^o^ertv  owners:  elected  officials  and  planning  agencies; 
and  those  who  provide  pub]i^^p^ds  and  services.  The  list  also  includes 
labor  unions,  industry  and  mercl-  anfe4 ^special  lobbies  and  interest  groups; 
and  state  and  federal  agencies,  mlny  of  jwhom  are  potentially  responsive 
agencies  as  well.  The  list  of  parties  at  interest  is  the  same  for  each 


their  effects  upon  the 


function,  although  the  severity  of  the  i 
parties  at  interest  may  vary. 


Housing  population  growth  is  an  immediate  issuev, — It  is  least  severe 
during  extraction,  especially  surface  mining;  it  is  most\e\  ere  during  the 


construction  of  new  conversion  facilities,  especially  gasif: 


^^^nNsqid  nuclear- 


powered  plants,  when  large  numbers  of  construction  workers  and  then  families 
move  to  the  area  on  a  semi-permanent  basis.  Long-term  commuters  nee^kspecial 
quarters,  but  their  impact  is  much  less  severe  than  that  of  semi-permanent 
in-migrants.  Large  mobile  home  parks  ("aluminum  ghettos")  located  beyond 
municipal  boundaries  are  a  frequent  response  to  the  housing  crisis  of  con¬ 
struction  workers  (9) . 

The  real  estate  and  construction  industry  and  financial  institutions,  as 
well  as  labor  unions,  merchants  and  agricultural  landowners,  are  parties  at 
interest  in  the  housing  issue.  The  impacts  are  favorable  in  each  case. 

The  new  residents  also  bring  demands  upon  those  agencies  providing  public 
goods  and  services?  as  well  as  on  elected  officials  and  planning  agencies.  In 
general,  the  demand  for  police  and  fire  protection,  health  and  welfare  ser- 
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vices  may  strain  the  capabilities  of  local  groups.  School  systems  also  may 
become  overcrowded,  although  those  with  declining  enrollments  may  welcome 


an  influx 


jw  students  provided  they  are  supported  by  an  increased  tax 


base  or  ocher  fiLf^l  support.  The  severity  of  public  sector  impacts  is  medi¬ 
ated  by  f  iscal/v^iabl^s  (see  Sect  ion  D  .  13)  .  Elected  officials  and  planning 
groups  are  deeply  inyodvad  if  only  because  of  tension  and  conflict  over  the 


demands  placed  upon  them.' 


Agriculturalists,  local  re 


md,  indirectly,  newcomers  have  an 


interest  in  changes  in  land  use  r^sul^ng  from  population  growth.  Agricul¬ 
turalists  have  an  interest  because  the  majorityNof  the  land  for  new  housing 


and  other  growth-related  activities  is  likely  to 


irm  land.  The  value  of 


the  land  will  increase  in  the  long  term,  but  so  wrll  taxles.  Local  residents 


may  also  profit  in  the  short  term  but  bear  long-term 


"Tnc  : eases  because 


of  increased  property  values.  The  newcomers,  in  turn,  wills _ikely\face 
housing  shortages  and  inflated  costs,  especially  during  the  conversion  'phases 
if  in-migration  is  large  and  there  is  no  growth  management  policy.  Environ-^ 
mentalists  and  conservation  groups  will  also  join  the  issue  of  changing  land 
use,  as  population  growth  may  be  considered  a  direct  cause  of  environmental 
degradation.1  Land  use  planning  is  primarily  the  business  of  local  government 
and  planning  agencies.  Consequently,  they  have  a  direct  interest  in  this  im¬ 
pact  of  demographic  change  as  well. 

The  increased  demands  upon  public  goods  and  services  is  a  third  major 
problem  area.  One  aspect  of  the  problem  is  fiscal,  as  explained  below  (Section 
D.13  ).  Other  aspects  of  the  problem  are  more  complex.  For  example,  new 
housing  developments  may  be  located  in  unincorporated  areas  and  thus  face 


!As  is  the  case  with  many  such  groups,  such  an  issue  affects  them  favorably 
in  the  sense  that  it  contributes  to  their  importance  and  legitimacy. 
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police  and  fire  groups  with  jurisdictional  issues.  Selective  in-migration 
may  add  demands  for  specialized  health  care  to  the  general  increase  in  the 
demand  for  medical  care.  The  courts  may  be  faced  with  increased  loads  be¬ 


cause  6f  litigation  arising  from  conflicts  over  land  use  and  housing.  On 


the 


a  positi 


The  emp 


of  activities  is  an 


hand,  the  increased  demand  for  public  goods  and  services  may  have 


upon  local  industry  and  business,  and  labor  unions. 


ocal  people  in  energy  development  and  other  types 


problem.  Most  of  the  socioeconomic  impact  liter¬ 


ature  considers  only  tne  p^ob^rpa  of  newcomers  (e.g.,  1,9,19,20).  However, 
employment  opportunities  whicm  nerw  energy  conversion  facilities  bring  to 
an  area  will  also  reduce  the  rateKa(t  whicfc  people  leave  in  search  of  better 


jobs.  Their  occupational  mobility  will  be 
and  return  migrants  will  claim  many  of  the 


d,  however,  as  newcomers 


require  skills  not  generally  available  locally  (1 


most  severe  during  the  conversion  process,  although  it  mav^&elTtinue  through 
industrialization  and  other  end-use  functions.  Labor  unions^sqid  i/n&qstry 
have  special  interests  in  such  problems.  Otherwise,  the  fact  cnac\local 
residents  remain  rather  than  migrate  creates  no  particular  impact  upon 


specially  those  which 


he  problem  is 


other  parties  at  interest  except  newcomers. 

Two  types  of  policies  may  address  the  issue  of  local  employment.  Af¬ 
firmative  action  programs  to  hire  and  train  local  residents  for  jobs  in 
new  industry,  including  utility  companies,  is  one  approach.  Another  in¬ 
volves  equal  opportunity  programs  to  increase  local  labor  force  participa¬ 
tion  across  the  board.  In  both  cases,  labor  unions  and  employers  are  the 
potentially  responsive  agencies,  with  some  assistance  from  the  U.S.  Depart¬ 
ment  of  Labor. 

The  policy  options  for  other  issues  involve  zoning  and  planning  of  some 
type,  and  include  elected  officials,  zoning  boards  and  planning  commissions; 


.:T 


-r 


' 


*.  •> 


•  ■*  •  ■  • 


•/  .  ,  v  r..  r  . 


'  ‘  .  -  / 


,  .'T 


r  •  |  • 

•  . 


J  * 


> 


r  5  .. 


f  >  t 


/ .. 


D. 12-11 


the  courts;  and  a  host  of  state  and  federal  agencies  as  potentially  responsive 


agencies.1  Some  communities  may  wish  to  limit  population  growth  or  rigidly 


control  its  characteristics  through  the  housing  market.  Annual  growth  on 


the  number  and  type  of  new  housing  units  that  can  be  built  is  one  approach; 


2 


Such  policies  have  been  used  primarily  by 


pplitan  suburbs  in  an  attempt  to  "preserve  the  quality  of  life"  and 


of  their  community.  Although  they  have  the 


effect  of  e^nryHing  Tbwer  class  socioeconomic  groups,  communities  faced  with 


large-scale  populatippA-giUTTth  could  also  use  such  policies  to  limit  access  to 


h  could  also  use  such  policies  to  limit  access  to 


it  is  increasingly  encouraged  at  all  levels  of  local  and  state  government/ 
through  the  interests  of  federal  agencies  such  as  the  Department  of  Housing 
and  Urban  Development  (7,  16)  and  lobbies  such  as  the  National  Association 
of  Counties  (A).  Local  residents  and  their  elected  officials,  however,  may 
not  welcome  planning  initiatives,  especially  when  the  federal  government  is 
involved  (8,11).  Regional  planning  does  not  have  enthusiastic  support,  either. 

Disputes  over  community  growth  policies  frequently  involve  unlikely  al¬ 
liances  between  parties  at  interest.  The  real  estate  and  construction  industry t 

10nly  federal  agencies  are  considered  here. 

2 

Limits  on  total  population  size  is  a  more  direct  approach,  but  such  actions 
are  routinely  declared  unconstitutional. 
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financial  institutions  and  other  interests  concerned  with  economic  growth, 
and  civil  libertarians  concerned  over  restrictions  upon  people's  right  to 
travel  and  choice  of  residence  often  oppose  environmentalists  and  conserva- 
groups  concerned  with  environmental  quality  and  land  use,  and  elected 

d  appointed  commissions  concerned  with  planning  and  growth  manage¬ 


ment  . 


which  are  focused  primarily  in  metropolitan  area  suburbs. 


£>  non-metropolitan  areas  which  Wheaton  (24,  p.  26)  refers 


promise  to 

to  as  "economic  develonmen/ Areas  where  pipelines  and  well,  shale  oil,  surface 


coal  mining,  dams,  and  o 
tions —  are  required  to  serve  a 


— and  in  the  future  solar  power  sta- 
rowing  population  and  to  meet  even 


more  rapidly  growing  energy  requirements/"  Wheaton  argues  that  (24,  p.  26) 


mpetition 
lved . 


Probably  in  all  of  [these]  cases  there  is 
between  the  need  for  housing  space  and  the  res 
In  the  aggregate,  the  space  involved  in  these  en 
ment  areas  is  relatively  small;  usually  in  isolated  a 
usually  not  involving  pollution  which  spreads  to 
areas.  A  far  more  difficult  issue  is  the  competition  be 
resources,  e.g.,  the  water  needs  of  shale  oil  distillation. 


However,  this  ignores  the  attitudes  of  local  residents  toward  the  demographic 


impacts  from  population  growth  associated  with  new  energy  conversion  facilities 


Summary 

The  severity  of  impacts  and  their  effect  upon  the  largest  number  of 
parties  at  interest  will  be  greatest  in  the  Bureau  of  Mines  scenario  for 
the  80-20  and  then  the  50-50  fuel  mix.  They  will  be  less  severe  in  the  Tech¬ 
nical  Fix  scenarios,  both  coal  and  nuclear,  although  the  list  of  parties  at 
interest  remains  the  same.  The  BOM  80-20  fuel  mix  will  also  pose  the  widest 
range  of  problems  because  of  the  scale  and  pace  of  development,  and  the  wide 
geographical  range  of  new  conversion  facilities.  Community  growth  policies, 
focused  upon  exclusionary  zoning  in  metropolitan  suburban  areas  as  well  as 
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problems  of  growth  management  in  non-metropolitan  areas,  may  occur  almost 


simultaneously.  The  scale  of  development  may  also  raise  significant  issues 
of  regional  planning  (perhaps  even  involving  metro-government)  because  of 


the  repe 


ment .  By  co 


rom  demographic  change  in  response  to  new  energy  develop- 


he  Tech  Fix  scenario  does  not,  with  the  exception  of 


the  Ohio  plants  in 


ear-based  RTC,  have  the  same  degree  of  geographi¬ 


cal  concentration.  This  ia  not/to  say  that  the  problems  and  issues  are 


less  important,  or  that  the 


e  less  severe  at  local  scale,  but 


l“*““  -d  — 

may  be  more  tractable.  ^ — 
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TABLE  A  -  DEMOGRAPHIC  IMPACTS 
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TABLE  B  -  DEMOGRAPHIC  IMPACTS  -  2 

Character-  Resulting 
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Parties  at  of  Impact  or  Responsive  and  Societal 
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LEGEND:  SEVERITY  OF  IMPACT^  SV-  severe;  M-  moderate;  I -insignificant. 

EFFECT  ON  PARTY: /+- favorable;  --unfavorable;  o-neutral;  ?-unknown. 
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D . 13  ECONOMIC  IMPACTS 


The  Regional  Technology  Configurations  developed  as  plausible  responses 
to  the  BOM  and  Tech  Fix  scenarios  may  produce  economic  impacts  on  a  local, 
regional,  or  national  scale.  A  discussion  of  economic  impacts  at  these 
levels  is  presented  below.  Other  significant  economic  impacts  are  identified 
for  farther  study. 


National]  lijr^  Impacts 


Because  the 


d  Tech  Fix  national  projections  were  adopted  as  scenar¬ 


ios  for  the  ORBES  Phase 


of  these  scenarios,  or  of 


,  it  is  not  meaningful  to  discuss  the  impacts 


Cs ,  on  themselves.  Interesting  and 


crucial  questions  arise,  however, 


bility,  and  probability  of  occurence  of 


product  of  the  ORBES  study  may  be  the  demon 


prevent  a  scenario  from  materializing.  Exploration 


ning^the  internal  consistency,  realiza- 
al  scenarios.  One  possible 


existing  constraints 
tional  projections 


for  the  purpose  of  testing  feedback  loops  and  adjustment  mb^anismss,  and  for 
painting  a  detailed  picture  of  the  economy  as  it  grows,  usually/T^quire^  >an 
elaborate  macroeconomic  computer  model.  Such  an  investigation  is  beyond  the 


scope  of  the  present  study,  but  some  rough  observations  can  be  made. 

Since  the  BOM  projections  were  not  based  on  an  actual  model  of  the  U.S. 
economy,  many  significant  variables  were  not  considered  in  the  projections. 

The  issues  of  capital  availability,  interest  rates,  savings  rates,  and  capital/ 
labor  ratios,  as  examples,  were  bypassed  completely.  When  no  specific  assump¬ 
tions  are  made  regarding  these  variables,  it  is  not  possible  to  discuss  impli¬ 
cations  of  the  assumptions;  but  by  drawing  on  other  more  complete  models  of 
the  U.S.  economy  with  energy  included,  it  is  possible  to  lend  some  legitimacy 
to  the  BOM  projections.  The  Data  Resources  Inc.  (DRI)  macroeconomic  models  have  beer 
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exercised  under  growth  rates  approximating  those  in  the  BOM  projections,  with 
no  catastrophic  effects.  Moreover,  DRI  employs  an  equilibrium  model  in  which 
savings  equal  investment,  including  the  projected  high  levels  of  energy  industry 
investment.  This  suggests  that  under  "reasonable"  assumptions,  the  capital 
Requirements  of  the  electric  utilities  will  be  met  under  the  BOM  scenario; 

also  serves  to  corroborate  the  ORBES  technological  assumption  that  "capital 
wilt  ba  availmAle."  It  should  be  stressed,  however,  that  all  of  the  implica¬ 
tions  of  TRareSassuimjtion  cannot  be  determined.  Planned  investment  is  rarely 


equal  to  actual  ii 


ent  and  there  is  reason  to  expect  spirited  competition 


in  the  future  for  invesvt  funds  in  the  capital  markets.  To  the  extent 


that  interest  rates  rise,  inc 


About  all  that  can  be  said  for 


investment  funds  will  have  first  choic 


,e  redistributed  in  favor  of  rentiers. 


thaufNrivestors  best  able  to  pay  for 


IkS.  Government  will  be  able 


to  obtain  its  funds  through  deficits  if  necessa 


n  the  absence  of  de¬ 


tail  in  any  of  the  macroeconomic  models  and  the  signOic 


tructural  changes 


in  the  economy  expected  to  result  from  energy  developments ,\rel/ti>^ly  little 
information  is  available  on  the  detailed  appearance  of  the  U.S. 
the  BOM  scenario. 

Since  the  Tech  Fix  projections  are  less  severe  than  those  of  the  Bureau 
of  Mines,  there  is  justification  for  greater  confidence  in  their  realizability. 
Also,  the  Tech  Fix  projections  were  based  on  a  formal  macroeconomic  model  and 
greater  detail  on  the  implications  of  the  Tech  Fix  assumptions  is  presented 
in  the  Ford  Foundation  Report. 

The  identification,  and  in  many  cases,  quantification  of  impacts  associated 
with  RTCs  in  Phase  I,  should  provide  a  unique  and  productive  input  to  detailed 


examination  of  ORBES  scenarios  and  their  implications  during  Phase  II. 
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Regional  Economic  Impacts 


All  of  the  technical  difficulties  discussed  above,  in  connection  with 
national  economic  impacts,  apply  as  well  to  the  regional  level.  The  assess¬ 
ment  of  regional  economic  impacts  poses  further  problems  because  certain 
variables,  such  as  national  business  investment,  cannot  be  allocated  to 

.c  regions  of  the  country.  For  the  ORBES  study,  it  would  be  useful 
to  ki/ew  jwhethet-,  and  how,  the  ORBES  economy  differs  from  the  U.S.  economy 
and  how  rt£_^§^uresgrowth  path  diverges  from  its  historical  growth  pattern 


under  various  scei 


(s  and  associated  RTCs .  In  particular,  the  behavior 


of  variables  such  as  pe^  income,  output  mix  of  goods  and  services. 


and  employment  are  of  interesl 


iroduction  of  this  information  requires 


the  simultaneous  development  of  ^oth^igional  and  national  projections  with 
explicit  interactive  regional/national  lP  Such  a  task  involves  a 


substantial  research  effort,  however,  an 


1972-E  OBERS  projections  (Baseline  Futures)  to 


investigation.  A  description  of  the  OBERS  data  and 


lity  of  adapting  the 


uirements  is  under 


icability  to 


requirements  will  be  presented  in  future  reports  of  trie  ^urr^t  Task  2 


ORBES 


study. 

been  necessary  during  Phase  I  to  adopt  a  fixed  historical  shares  assumption 
for  the  ORBES  region.  That  is,  the  ORBES  future  shares  of  national  energy 
production  and  consumption  are  assumed  constant  and  equal  to  historical 
shares.  This  assumption  forecloses  the  possibility  of  identifying  any 
future  divergences  of  the  ORBES  region  from  its  historical  trends  or  from 
its  historical  relationship  to  the  nation.  During  Phase  II,  with  the  de¬ 
velopment  of  appropriate  regional/national  projections,  this  assumption  will 


be  relaxed  and  the  critical  issues  identified  above  will  be  investigated. 


D .13-4 


Local  Economic  Impacts 


The  nature  and  magnitude  of  economic  impacts  associated  with  siting 
in  a  specific  locality  can  be  examined  more  readily  than  those  associated 


wj.th  a  particular  RTC.  In  cases  where  specific  sites  have  been  identified, 
ere  construction  is  scheduled  to  begin  within  3  or  4  years,  it  is 

costly,  to  generate  useful  quantitative  estimates  of  local 


economic 


planning  horizons  lengthen,  however,  projections  be¬ 


come  less 


economic  impacts  which  raa 


he  ORBES  study,  it  is  desirable  to  assess  local 


sites  identified  only  at  the  c 


ur  as  late  as  the  year  2000,  for  plausible 

level.  This  goal  raises  special  tech¬ 


nical  problems  not  treated  in  thes=;o^oecoybsn.c  assessment  literature,  most 


of  which  is  concerned  with  specific  sit 
major  problem  areas  are  discussed  below. 


shorter  horizons.  The 


1. 


Identification  of  a  plausible  site  at  the  ccfcrtTbv  It 
does  not  mean  that  economic  impacts  will  be  confil 
to  that  county.  Impacts  may  be  more  significant  ini 
adjacent  counties  or  even  adjacent  states.  The  sparia^ 
distribution  of  economic  impacts  is  highly  sensitive  to 
the  actual  site  within  the  identified  county. 


2.  Reliable  and  comprehensive  baseline  projections  to  the 
year  2000  are  not  currently  available.  Such  projec¬ 
tions  are  essential  to  the  identification  and  quanti¬ 
fication  of  economic  impacts  at  the  municipal  and  county 
levels.  The  inherently  volatile  and  site-specific  nature 
of  small  town  development  undermines  confidence  in  the 
extrapolation  forward  of  historical  trends.  But  even 
if  useful  projections  were  available,  they  would  be  re¬ 
quired  for  every  feasible  siting  location  within  the 
identified  counties. 


In  view  of  these  problems,  it  does  not  appear  possible  to  attribute 
any  certain  economic  impacts  to  the  identified  counties  other  than  the 


following : 
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1.  The  county  of  siting  will  experience  an  eventual  increase 
in  its  capacity  to  raise  tax  revenues. 

2.  The  county  of  siting  will  experience  a  net  increase  in 
employment . 


Potential  local  economic  impacts  are  discussed  below  in  general  terms, 
and  grouped  according  to  whether  they  are  likely  to  occur  during  the 


planning,  construction,  or  operating  phases. 


Durin 


immediately  following  the  period  of  utility  negotiations  for 


the  purchase  of  lan 
pending  upon  landowners ’\  e. 


degree  of  land  speculation  may  take  place.  De- 


could  rise  significantly,  with 


velopment.  Similarly,  in  anticip 


ions  of  future  land  values,  land  prices 


ct  on  rents  and  future  economic  de¬ 


shortages,  housing  rents 


and  prices  may  begin  to  rise.  The  magnl 


be  greatest  in  and  around  the  communities 


c£  effects  is  likely  to 

nned  site,  decreasing 


with  distance  from  it.  Impacts  may  be  minimal  near  tmjse ^i*C]ps  which  have 
long  been  earmarked  for  industrial  development. 


Construction  Phase 


Local  economic  impacts  associated  with  the  construction  of  the  facility 
will  exhibit  considerable  sensitivity  to  site-specific  conditions.  As  described 
in  the  Employment  section  of  this  study,  two  to  three  thousand  construction 
workers  may  be  employed  on  site  at  the  peak  of  this  activity.  The  extent  of 
the  economic  impact  will  depend  directly  upon  what  portion  of  this  labor  force 
is  made  up  of  local  residents,  temporary  residents  during  the  construction 
phase,  and  commuters  from  outlying  communities. 


It  is  possible  that  most  or  all  of  this  labor  force  will  be  made  up  of 
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commuters  for  some  of  the  selected  counties.  For  others,  however,  the  ma¬ 
jority  of  construction  workers  may  take  up  temporary  residence  in  communi¬ 
ties  near  the  site.  Direct  economic  impacts  will  be  greater  in  the  latter 
case  and  will  include  the  following: 


Increased  direct  local  employment  (construction) 

;eased  demands  for  local  private  sector  goods  and 
services,  including  housing. 


mands  for  public  sector  services,  inclu- 
,/ roads,  police,  fire,  waste  disposal. 


To  the  extent  that  private 


temporary  shortages,  price  ris 


rapid  change  may  occur.  There  ma 


or  demand  increases  faster  than  supply. 


efficiencies  brought  about  by 
cal  ^reluctance  to  adapt  completely 


to  the  massive  influx  of  workers  since  t 


known  to  be  temporary.  If  so,  the  mix  of  g 


nse  in  the  community  is 


ices  available 


locally  may  be  incomplete,  requiring  considerable  a 


items . 


In  order  to  meet  the  increased,  though  temporary,  demand  I £4r  private 

\  N 

sector  goods  and  services,  there  may  be  increased  employment  in  this  sect 


nal  travel  for  some 


The  magnitude  of  such  an  increase  will  depend  on  the  number  of  construction 


workers  taking  up  residence  in  the  local  communities  (i.e.,  non-commuters). 
As  construction  nears  completion,  direct  employment  will  taper  off  signifi¬ 
cantly,  requiring  some  readjustment  of  the  business  community  toward  pre¬ 
construction  levels. 

The  most  potentially  significant  local  economic  impacts  may  occur  in 
the  public  sector.  To  the  extent  that  the  construction  labor  force  demands 
additional  or  different  public  services  such  as  schooling,  waste  disposal. 


water,  police  and  fire  protection,  an  increased  strain  may  be  placed  on 


local  governmental  units.  Again,  the  severity  of  impact  will  depend  in 


D .13-7 


part  on  the  number  of  construction  workers  who  take  up  residence  in  the  local 
communities.  Problems  may  arise  in  the  following  ways. 


1.  Increased  demand  for  public  services  is  known  to  be  tempor¬ 
ary.  Construction  of  schools,  for  example,  would  be  costly 
when  used  only  for  a  few  years. 


Depending  upon  site-specific  scale  economies  and  existing 
excess  capacity,  maintenance  of  pre-construction  public 
service  levels  could  be  more  costly  for  all  local  resi¬ 
dents. 

revenues  to  finance  increased  provision  of  public  ser- 
may  lag  the  increased  demands  by  a  considerable 


Operating  Phase 


The  operating  phase  of  t 


ty  siting  process  is  characterized 


by  the  continuous  employment  of 


time  of  the  facility.  Economic  impacts 


will  be  similar  to  those  described  for  the 


important  exceptions. 


200  individuals  for  the  life- 


rom  direct  employment 


ctionsphase  with  two 


Most  or  all  of  the  operating  personnel  can  be  expect! 
to  reside  in  the  local  communities,  rather  than  commute 

Direct  employment  will  be  relatively  permanent. 


Following  the  above,  indirect  employment  in  both  private  and  public  sectors 
may  increase  through  expansion  of  these  sectors  in  response  to  the  demands 
of  operating  personnel  for  additional  or  different  goods  and  services.  The 
magnitude  of  impacts  during  this  phase  depends,  as  before,  on  existing  excess 
capacity  and  scale  economies,  but  also  on  the  extent  to  which  increased  de¬ 
mands  were  accommodated  during  the  construction  phase.  If  the  construction 
phase  was  a  period  of  local  economic  expansion,  then  the  early  operating 
phase  may  be  marked  by  economic  contraction. 
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Much  of  the  socioeconomic  impact  assessment  literature  has  dealt  with 


the  problem  of  estimating  "employment  multipliers"  for  prediction  of  in¬ 
direct  local  employment  during  the  operating  phase.  A  preliminary  review 
of  that  literature  suggests  the  multiplier  concept  may  be  inappropriate  to 
O^BES  requirements.  First,  the  theory  upon  which  the  multiplier  derivations 
sed  requires  that  conversion  facility  employment  be  assumed  identical 

"export  industry"  employment  in  terms  of  secondary/ 


enerated.  This  assumption  lacks  intuitive  appeal  and 


indirect 


has  not  been  vprirTp/.  T±  may  be  argued  that  regional  export  industries 


often  rely  upon  the  local 


lomy  for  the  supply  of  goods  and  services  to 


a  far  greater  degree  than  would /4^cohvers ion  facility.  If  so,  the  usual 
employment  multiplier  may  signin^caf^ly  overstate  the  secondary  employment 
impact.  Second,  most  of  the  employment/nult ip!>iers  estimated  in  the  impact 
assessment  literature  are  derived  from  couHty  L2u/elaata,  whereas  local 


economic  impacts,  as  stated  earlier,  may  be  greater,  in yadj acent  counties 


or  states.  Third,  employment  multipliers  estimated 
torical  data  cannot  be  expected  to  maintain  any  relevance  o 


e  basis,  of  his- 


1985-2000  horizon. 


Other  Economic  Impacts 


In  addition  to  national,  regional,  and  local  impacts,  as  discussed 
above,  there  are  certain  to  be  other  economic  impacts  associated  with  the 
RTCs.  Included  are  economic  analysis  of: 

1.  environmental  and  land  use  impacts. 

2.  transportation  (especially  railroad)  impacts. 

3.  mining  and  materials  resources  impacts. 

4.  inter-regional  impacts. 
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Some  of  the  economic  impacts  are  expected  to  be  highly  significant 
and  Jthus^warrant  detailed  examination.  In  general,  however,  analysis 
reqtflre^  at^J^a^t  some  quantification  of  the  impacts,  which  will  not  be 
available  (mtil  tfaffe^end  of  Phase  I.  Therefore,  treatment  of  these  impacts 
will  be  approp^aSely  undertaken  during  the  ORBES  Phase  II  study. 
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TABLE  A  -  LOCAL  ECONOMIC  IMPACTS 


T3 

4=) 


to 

to 


LO 

CO 

cr> 


fi 

03 

CD 

X 

<D 

4=1 

■M 

O 

+-» 


U 

03 

C 

V 

O 

CO 

X 

•H 

P-. 

4= 

U 

H 

<1> 

4= 

+J 

U 


X) 

a> 

+-» 

o 

Qi 

& 

Q> 

t/> 


U 

•rH 

CH 

•H 

a 

•H 

(/) 

c 


TABLE  B  -  LOCAL  ECONOMIC  IMPACTS 


*T3 

X> 


to 

"v. 

tO 


LEGEND:  SEVERITY  OF  IMPACT:  SV- severe;  M-moderate;  I -insignificant. 

EFFECT  ON  PARTY:  +- favorable;  --unfavorable;  o-neutral;  ?-unknown. 
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D  .14  SOCIAL  IMPACTS 


Developing  technologies  and  their  resulting  proliferation  impact  the 
quality  of  life  and  the  sociocultural  elements  of  society.  The  parameters 
of  interest  in  a  study  of  the  impacts  of  technology  will  vary  from  researcher 
to  researcher ;  little  consensus  has  been  achieved.  The  "shopping  lists"  of 


impact: 


Ld/related  factors  increase  in  length,  but  within  the  frame  of 


reference  «ic 


project  has  be 


1. 


y  general  work  group  decisions,  this  phase  of  the  ORBES 


d  with  the  following: 


Identifying  characteristics  of  the  population  that  may  be 
affected  by  power  generating  facilities,  such  as  population 
age  distribution,  popqL^ion  movements,  community  stability, 
etc . 


Identifying  socioeconomi 
fected,  such  as  standards' 
public  welfare,  etc. 


eristics  that  may  be  af- 
iving,  employment-unemployment 


Identifying  socioinstitutional  ch 
that  may  be  affected,  such  as  pub  I 
tion,  public  health  facilities,  rel 


4. 


Identifying  sociopolitical  characteristics 
such  as  community  leadership  patterns,  power 
shifting,  liberal-conservative  changes,  etc. 


ics  of  the  population 
facilities,  educa- 
futions,  etc. 

y  be  affected, 


1)  centers 


These  impacts  are  considered  simultaneously  on  several  dimen 
the  likelihood,  severity,  longevity,  and  geographical  scope.  In  addition, 
two  fuel  sources  are  considered  (coal  and  nuclear)  over  two  time  periods: 
1985,  and  2000  (80%  coal  -  20%  nuclear  RTC) ,  2000  (50%  coal  -  50%  nuclear 


RTC) ,  2000  (100%  coal  RTC) ,  2000  (100%  nuclear  RTC) .  In  the  discussion  of 


impacts,  some  impacts  associated  with  nuclear  energy  will  be  more  or  less 
pronounced,  depending  on  which  RTC  is  chosen,  i.e.,  the  dangers  of  radiation 
to  public  health  in  general  and  workers’  health  in  particular,  the  danger  of 
nuclear  disasters,  etc.  However,  it  should  be  pointed  out  that  many  of  the 
impacts  of  coal-  or  nuclear-related  energy  functions  will  be  similar  along 


those  four  dimensions,  particularly  concerning  the  excavation  and  transportation 
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of  materials. 


For  example,  consideration  of  the  societal  impacts  of  the  two  Tech 

s  (100%  coal  or  100%  nuclear)  reveals  more  similarities  than  differences 
chnical  functions  associated  with  either  coal  or  nuclear 


generati 


ricity  have  similar  societal  impacts.  Each  of  these 


fucntions  is 


elow. 


The  extraction /of  qoal 


uranium  affects  the  aesthetics  of  the  land¬ 


scape  and  the  uses  to  whidft'  thfe  ladujcan  be  put  after  extraction  has  ceased. 
Surface  mining  results  in  dispOT^ati^^jthat  dimishes  the  usefulness  of  the 
land  for  outdoor  recreation  unless  reclamaft ionNand  restoration  efforts  are 


taken.  Underground  mining  affects  a  moreN^mitedyy^istion  of  the  surface 
land,  but  presents  the  problem  of  subsidence  whicrKmay  cause  damage  to 


farmland  and  waterways  (erosion  would  increase  the  siLj 


Ln  water) 


Agricultural  parties  at  interest  are  obviously  affected,  but  yeenreatlsmal 
users  of  waterways  will  also  be  affected.  As  new  mining  centers  are  developed, 
population  movements  into  these  producing  regions  will  occur  and  concert's 
about  worker  safety  and  health  will  become  important. 

The  processing  functions  of  milling,  cleaning,  and,  for  nuclear  materials, 
enriching  and  fabricating,  constitute  a  major  pollution  impact  on  both  air 
and  water  quality.  The  obvious  societal  impacts  of  air  and  water  pollution 
revolve  around  the  quality  of  life  issue.  People  demand  clean  air  and 
water  as  an  inherent  quality  of  their  existence.  When  these  are  affected, 
outdoor  aesthetics  as  well  as  the  many  forms  of  outdoor  recreation  are  nega¬ 
tively  impacted. 


Transportation  has  several  societal  impacts  that  are  secondary  in 


nature  to  what  is  being  transported.  Vehicular  traffic  pollutes  the  air 
and  causes  great  "wear  and  tear"  on  the  roads  of  a  region.  The  expenses 
associated  with  road  repair  and  maintenance  can  put  a  considerable  burden 
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on  taxpayers.  The  inhabitants  of  the  region  must  also  use  the  damaged 
roads  and  drive  among  an  increased  number  of  heavy  trucks. 


Waste  disposal  is  similar  to  processing  in  that  it  involves  both  water 
pollution,  but  in  addition  there  is  solid  waste  that  must  be  disposed 
t  back  on  or  back  into  the  land.  The  resulting  dispoilation 
ic  quality  of  the  landscape  as  well  as  the  uses  of  the 


land  for  out 


waterways ,  the  impa 


be  increased. 


tion.  If  solid  wastes  are  disposed  of  near  or  into 


pollution  on  the  residents  of  the  region  would 


Since  many  social  impacts  *a^fec^^t^ie  quality  of  life  by  altering  air, 
water,  and  land-use  quality,  the  parties  a*  i'fcerest  are  expected  to  be 


those  with  specific  interests  related  to 


such  as  landowners,  realtors,  and  farmers  will 


duction  affects  the  potential  uses  and  therefore  the 


their  land  and  livelihood.  Specific  organizations  such  as 


.  Economic  groups 


d,  as  energy  pro- 


1  value  of 


of  Commerce,  the  Grange,  and  service  groups  like  the  Rotary  or  Kiw&nis  ma 


ocalSvChambers 


act  as  spokesmen  for  these  individuals  and  as  centers  of  action  to  affecx 
policy.  Environmental  and  recreational  groups  will  also  serve  in  a  similar 
manner  to  mobilize  public  concern  for  impacted  parties  at  interest  such  as 
Rod  and  Gun  Clubs,  the  National  Wildlife  Federation,  Audubon  groups,  and  the 
Sierra  Club.  Different  parties  at  interest  are  involved  when  discussing 
the  impacts  of  nuclear  generating  facilities  than  when  discussing  those  of 
coal-fired  facilities.  An  obvious  group  of  interested  parties  includes 
those  governmental  agencies  that  regulate  the  transportation,  utilization, 
and  storage  of  nuclear  materials.  The  U.S.  Nuclear  Regulatory  Commission 
is  the  primary  Federal  agency;  state  agencies,  however,  are  often  difficult 
to  identify  because  they  are  often  subcomponents  of  larger  agencies.  There 


are  also  several  citizens’  organizations  that  generally  express  opinions  and 


A 


1 


J 


V.  4»  V  *' 


'/*  t  f. 
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have  programs  designed  to  stop,  slow  down,  or  reduce  the  development  of 
nuclear  generating  facilities.  These  groups  differ  greatly  in  their  levels 
of  fc^anizat  ion ,  leadership,  resources,  and  political  effectiveness,  but  they 
must  ce^ta/inly  be  considered  as  parties  at  interest. 

The  dirfer^Kuzes  frsfween  the  two  Tech  Fix  RTCs  are  due  mainly  to  the 


radioactive  nature  o: 


:lear  materials  transported  and  used  and  the 


accompanying  community  anc^  Wpcar  health  problems.  There  is  also  considerable 
social  concern  over  the  po ssib ill nuclear  disaster  at  a  nuclear 
generating  facility  and  the  attendant  n^ed  foas^increased  security  at  such 
facilities  as  well  as  during  transport  of 


material . 


COMPARISON  OF  TECH  FIX  WITH  BOM 


Because  of  the  many  similarities  and  the  few,  though  o 


it  is  difficult  to  say  whether  the  100%  coal  or  the  100%  nuclea' 


if f erences , 


be  more  severe  in  terms  of  social  impacts.  It  is  probable,  though,  that 


either  will  be  less  severe  than  either  of  the  BOM  RTCs  because  the  Tech  Fix 


RTCs  are  based  on  considerably  less  development  and  growth  between  now  and 


the  year  2000. 
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TABLE  A  -  SOCIAL  IMPACTS  -  2  More  More 

severe  (3)  (4)  severe  More 

(1)  (2)  (1)  2000  Tech  2000  Tech  (3)  severe 

1985*  2000  BOM  2000  BOM  or  Fix  1001  Fix  1001  or  (BOM)  or 

Function  Impact  (BOM)  80-20  50-50  (2)  Coal  Nuclear  (4)  (Tech  Fix) 
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D . 15  LEGAL /INSTITUTIONAL /POLITICAL  IMPACTS 


Political  impacts  will  undoubtedly  occur  in  many  of  the  communities 
where  energy  conversion  facilities  are  sited  in  ORBES.  However,  these  im- 


will  occur  only  in  response  to  other  earlier  impacts,  or  the  antici- 


conside 


impacts  by  the  local  polity.  Therefore,  it  is  useful  to 


mpacts  as  at  least  third-order  impacts,  which  are  likely 


to  occur 


mental,  public  heal 


onse  to,  such  demographic,  sociological,  environ- 


omic  impacts  as  occur  first.  While  noting 


that  such  political  impacts'  are\  by^def  i^iition  tertiary,  it  is  important 
to  bear  in  mind  that  the  community^^e^ectaf^n  of  changes  in  its  physical 


environment  as  a  result  of  increased  ener 


vicinity  will  also  create  political  change. 


facilities  in  its 


The  first  likely  response  of  a  community  will  be  to ) d 


amelioration 


by  the  responsible  authorities  with  whom  they  have  been  accustomed  to 

\AC 

for  other  policy  issues.  Such  officials  include  elective  officers,  such  as 
mayors  and  county  commissioners,  as  well  as  bureaucratic  representatives  o 
both  federal  and  state  agencies:  public  health  officials,  soil  conservation 
agents,  and  environmental  protection  agents.  If  such  agents  prove  unrespon¬ 
sive  to  the  demands  for  change  made  by  their  constitutents ,  two  alternative 
reasons  may  be  given  for  such  non-response:  indifference  on  the  part  of 
the  authorities  or  inability  to  act  because  of  legal  restraints. 

In  reaction  to  these  two  types  of  response,  interests  in  the  communities 
who  wish  to  create  change  will  have  three  approaches  available  to  them: 

1)  change  the  responsible  agents  (easier  to  do  in  the  case  of  elective 
officials  than  in  the  case  of  bureaucrats);  2)  change  the  legislative 
authority  of  such  officials;  and  3)  bypass  both  by  creating  new  legisla¬ 


tive  authority  and  new  agencies  to  deal  with  the  problem.  The  latter  method 


1 


•I 


;  ■ 


i 


j 


* 
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is  often  favored  when  members  of  a  community  cannot  know  for  certain  whether 
the  lack  of  response  to  their  demands  is  caused  by  indifference  by  officials 
or  lack  of  ability  to  respond.  One  method  of  testing  this  situation,  however, 
is  to  take  their  cause  to  court  and  attempt  to  force  action  by  the  responsible 


agench  is .  This  latter  technique  frequently  has  the  effect  of  clarifying  the 


It  is  possi 


whether  new  legislation  is  needed.  This  process  is  dia- 

l1. 

ict  that  increased  siting  of  conversion  facilities 


in  ORBES  will  lead  to  incre 


This  may  take  the  form  of  i 


emand  for  control  over  siting  decisions. 


by  the  agency  responsible  for  issu 


panies.  If  little  response  is  forthc 


ttempting  to  influence  decisions  made 


ses  of  convenience  to  utility  com- 


hose  agencies,  it  is  reasonable 


to  predice  that  court  cases  will  be  generat 
greater  public  participation  in  the  licensing  pi* 
raised  by  public  intervenors  in  these  hearings,  and 


e  the  former  to  allow  for 


spond  to  objections 


ly  Pa  tighten  up 


their  process.  If  the  persons  who  make  these  kinds  of  demand 
fied  with  the  policymakers ’  response,  it  is  likely  that  they  wil 
tive  remedies,  which  may  range  from  new  zoning  laws  at  the  local  and  county 


levels  which  might  prove  more  responsive  to  local  demands,  to  new  state  laws 
and  even  new  federal  legislation  to  control  land-use  planning. 

Demographic  changes  in  the  community  will  doubtless  lead  to  considerable 
change  in  the  political/legal  structure  of  the  communities  involved.  New¬ 
comers  to  the  area  will  bring  with  them  their  own  values,  needs  and  demands 
for  public  services,  which  may  or  may  not  coincide  with  those  of  the  longer- 
term  residents.  In  addition,  the  simple  increase  in  population  will  create 
strains  on  public  services,  such  as  education,  health,  crime  control,  environ¬ 
mental  control,  etc.  These  strains »  and  the  manner  in  which  local,  state  and 
federal  officials  respond  to  them,  will  create  either  satisfaction  or  demands 
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for  s 


tructural  changes  in  the  system  which  is  incapable  of  meeting  these  de- 


mai 


>r  public  services. 


and  change 


political  authorities  are  successful  in  meeting  most  new 


is  likely  that  the  simple  shift  in  demography  and 


sociological 
changes.  These  will  range\a 


ommunity  may  bring  about  substantial  political 


the  community  to  changes  in  struc 


e  way  from  shifts  in  partisan  balance  in 


government.  One  such  structural 


change  might  be  a  shift  from  city  cocwacj^s/mayo^s^to  city  managers,  which 


often  accompanies  urbanization.  The  composlstion  of 


^elective  boards  may 


be  expected  to  shift,  depending  on  the  relative  numj/es^s  of  me  newcomers  who 


enter  the  community.  In  addition,  the  relative  strengths 


lifnerent  insti 


tutions  (county  boards  or  commissions,  school  boards,  sanitary  bo; 


cipal  governments,  etc.)  may  be  expected  to  shift  also,  depending  on  these 
bodies’  relative  responsiveness  to  demands  made  by  the  new  political  con¬ 


figuration  in  the  community. 
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DEMANDS  ON  RESPONSES  AND 

INITIAL  RESPONSE  BY  RESPONSIBLE  REACTIONS  TO  NEW  FORMS 

IMPACTS  COMMUNITY  AGENCIES  RESPONSES  ^  \  ^  OF  DEMANDS 
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D  .  16  PUBLIC  HEALTH  IMPACTS 


Before  proceeding,  it  might  be  well  to  define  public  health,  as  the  term 
will  be  used  in  this  study.  Webster  defines  health,  in  part,  as: 


"the  condition  of  being  sound  in  body,  mind,  or  soul; 
freedom  from  physical  disease  or  pain." 


»! 


flourishing  condition;  well-being." 


Well-(*eing>/o.n\turn ,  is  defined  as  "the  state  of  being  happy,  healthy. 


or  prosperous 


it 


During  the  past'Ventury ,  ,great  "public  health"  progress  has  been  made  as 


many  infectious  diseases 


health  continues  to  emphasize  ’ 


exclusively  concerned  merely  with 


brought  under  control.  Modern  public 


from  physical  disease"  but  is  not 


and  even  "prosperous"  are  now  receiving  inc 
education  and  practice. 


sical  illness  and  postponing 


death.  The  condition  of  the  mind  and  taurms  sucnNas  "flourishing,"  "happy," 


g  attention  in  public  health 


Prosperity  has  been  a  societal  goal  and  economic  development  is  the 


means.  Both  are  now  seen  as  prime  aspects  of  public  health 


well  as  detrimental.  These  broader  definitions  which  might  collectively/h.e 
termed  "health  and  well-being"  seem  to  provide  the  framework  for  the  ufost 
appropriate  meaningful  "health"  input  into  this  energy  study. 

Energy  transformation  and  utilization  processes  almost  always  generate, 
directly  and  indirectly,  very  significant  and  very  complex  health  and  well¬ 
being  impacts.  These  impacts  can  affect  both  energy-related  occupations  and 
more  general  populations.  Affected  workers  and  populations  can  be  located 
nearby  or  remote  from  the  electric  power  facilities. 

First  of  all,  there  are  numerous  relatively  obvious  occupational  and  en¬ 


vironmental  hazards  associated  with  energy  development.  Several  categories 


-• 


• 


‘  < 


■f 


y 
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are  described  in  qualitative  fashion  in  Table  D.16-1.  The  most  significant 
hazards  involve  mining,  air  pollution,  and  nuclear  accidents,  and  might 
be  termed  first  order  impacts  — that  is,  those  directly  associated  with 
the  production  of  electric  power. 

’erhaps  as  significant,  however,  are  the  higher-order  effects  of 


elecl 


roduction.  These  health  and  well-being  ramifications  might 


be  categorizec 


:o  three  broad  areas: 


Living  gtrt^p^iards  and  other  national  goals.  When  involved  in 
the  detsq/s  4>f  energy  planning  and  assessment,  one  tends  to 
forget  that  aner^vl  growth  is  basically  directed  toward  main¬ 
taining  and  iWi/ving  living  standards  and  toward  related 
national  goals /sucH  as/ defense .  If  the  benefits  don’t  ex¬ 
ceed  the  environment^yt  and V>ther  health  hazards,  the  energy 
projects  shouldn’t  ba  undertaken. 

J>  _ 

Diseases  of  poverty.  In  some /areas  of  the  world,  energy  de¬ 
velopment  projects  can  have  /freat  m^rit,  even  when  accompan¬ 
ied  by  extremely  serious  environmental ^nd  occupational  ha¬ 
zards.  Higher  levels  of  energyNgro^o/tibn  and  associated 
economic  development  are  essential  provide  food,  water, 
housing,  clothing,  and  employment  for  g^owijag  populations. 
Without  these  basics,  there  is  no  public 
tions  must  be  supplied  with  these  essentiarTlk  if 
survive  long  enough  to  be  subjected  to  the  soph, 
eases  such  as  those  associated  with  ambient  air 
with  long-term  occupational  exposures  to  trace 
organics . 


Popula- 
they  are  to 
stip&ted  dis- 
or 


There  are  pockets  of  subsistence-level  poverty  in  the  USA^md 
possibly  some  within  the  ORBES  Region.  Careful  energy  planning 
with  accompanying  appropriate  economic  development  could  do 
much  to  improve  the  health  and  well-being  of  the  subsistence- 
level  inhabitants. 


It  is  much  more  likely  that  within  the  ORBES  Region  there  are 
considerable  areas  suffering  from  unemployment  and  underemploy¬ 
ment,  but  above  the  subsistence  level.  Research  at  the  John 
Hopkins  School  of  Public  Health  (1)  has  begun  to  quantify  the 
health  implications  of  reduced  employment.  Increased  levels 
of  alcoholism,  drug  addiction,  suicide,  mental  illness,  crime 
(including  homicide),  mortality,  cardiovascular  and  renal  dis¬ 
ease  were  all  found  to  correlate  directly  with  increased  unem¬ 
ployment.  Higher  levels  of  energy  production  and  associated 
economic  development  can  be  beneficial. 

However,  these  benefits  can  have  deleterious  environmental  and 
occupational  side  effects.  One  can  visualize  a  very  high  level 
of  economic  development  where  the  adverse  effects  of  further  de¬ 
velopment  could  outweigh  the  benefits. 
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3.  Diseases  of  affluence.  Environmental  degradation  and  occupational 
hazards  are  not  the  only  deleterious  health  aspects  which  could  be 
associated  with  energy  growth.  Accompanying  these  first-order 
direct  impacts  are  higher  order  ramifications  associated  with  plen¬ 
tiful,  low-priced  (relative  to  income)  energy  supplies.  Some  of 
these  energy  resources  are  eventually  utilized  for  labor-saving 
devices  and  for  production  of  high  quality  food  (in  some  respects 
at  least).  Thus,  at  the  high  end  of  the  economic  spectrum,  public 
health  becomes  concerned  with  diseases  associated  with  an  affluent 
sedentary  life  style  and  with  obesity.  Heart  disease  is  but  one 
example . 


Seme,  c/bsepvers  have  noted  that  the  diseases  of  poverty  and  affluence  are 
similar :(  the  f^ess,  at  both  ends  of  the  economic  spectrum,  can  lead  to 


alcoholism, 


Energy  growth 


ure,  and  other  causes  of  premature  mortality. 
Infects  £he  health  „f  at  least  thtee  gtoups 


1. 

2. 


Those  directly/! 


Local  populations  r( 
less-direct  health  im^ 
(either  positive  or  ne^S 


in  energy-related  occupations. 

idirect  environmental  impacts  and 
ssociated  with  economic  growth 
e) . 


3. 


Remote  populations  receiving  Nindirec  economic-related  health 
impacts  associated  with  import  xf  poi  :x/r»tom  the  Ohio  River 
Basin . 


Each  should  be  included  in  the  ORBES  assessment.  I 


equity  arise  if  the  impacts  on  the  local  population  (item 


sting  questions  of 


argely 


negative,  while  remote  populations  (item  3)  enjoy  the  more  bene^cialNmipacts 


All  the  foregoing  indicates  that  while  there  are  some  direct  first-order 


adverse  health  effects  associated  with  energy  development,  the  mixture  of 
higher-order  effects  complicates  the  situation.  Additional  complexities 


exist  because  most  of  the  energy-related  environmental  and  occupational 
hazards  can  be  removed,  reduced,  or  ameliorated  — at  a  cost.  How  much  ex¬ 
pense  is  justified  for  a  given  hazard  in  a  given  situation? 

Clearly,  within  a  region,  there  are  optimal  levels  of  energy  develop¬ 
ment  and  of  hazard  control,  and  in  seeking  out  the  optimums,  all  health 
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(and  well-being)  aspects  must  be  integrated  into  the  decision-making  process. 
For  such  decision  making,  the  health  information  is  usually  less  than  satis¬ 
factory,  being  qualitative  or  uncertain  and  not  easily  compared  with  the 


other  decision-making  inputs.  Note,  for  example,  that  the  qualitative  infor¬ 


mation 


D.16-1  precludes  meaningful  comparison  from  a  health  stand¬ 


point,  of 


The  decisi 


and  the  50-50  scenarios. 


confronted  by  such  situations  seem  to  fall  into  two 


categories:  At  one  ‘y'y  ^ngp  that  consider  "health"  to  be  sacred,  and  feel 

no  matter  how  minor,  is  enough  to  halt  any 
"quantitative  objective"  decision 


that  any  adverse  health  e 


project.  At  the  other  extreme  ir< 
makers;  they  tend  to  totally  ignore  all Jqualitative  health  information  be¬ 


cause  it  can't  be  included  in  an  "objecti 
From  society's  standpoint,  neither  ex 


st-benefit  analysis. 


health  professionals  should  be  even  less  satisf, 


satisfying.  Public 


eir  information 


tends  either  to  be  misused,  or  not  used  at  all.  The^nswep,is  to  provide 
health  information  in  a  form  which  is  not  only  quantitative  butkdirectly 


comparable  to  other  inputs  in  the  decision-making  analysis. 


Policymakers  are  beginning  to  insist  on  improved  quantification,  wh^fcein 
trade-offs  between  diverse  impacts  can  be  made  in  a  straightforward  manner.* 
Government  agencies  and  private  foundations  are  supporting  related  research 
throughout  the  country,  and  considerable  progress  is  being  made.  Many  of 
the  results  are  directly  applicable  to  the  health-economic  trade-offs  so 


apparent  in  ORBES. 


*In  Illinois,  for  example,  consideration  of  proposed  environmental  regula¬ 
tions  must  include  an  economic  impact  statement,  and  a  state-sponsored 
Decision  Analysis  Task  Force  comprised  of  economics,  engineering,  manage¬ 
ment,  and  public  health  academicians  (including  a  member  of  the  ORBES 
project),  has  been  created  to  assist  in  the  preparation  and  interpretation 
of  these  comprehensive  statements. 
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Questions  of  risk  and  uncertainity  complicate  efforts  to  quantify  first- 
and  higher-order  health  and  well-being  effects.  The  work  "risk"  itself  is 
used  in  several  different  ways  in  health  impact  analyses;  however,  all  are 
directe^^toyard  the  idea  of  some  adverse  effect  which  might  occur.  They  include 


Risk 
of  wh' 
is  pres 
serious 
became 
long  after 


effect,  possibly  associated  with  a  pollutant, 
presently  unaware,  or  for  which  a  toxic  effect 
ecognized.  For  example,  in  Japan,  the  very 
fects  of  cadmium  and  mercury  in  water  and  fish 
-30  years  after  the  pollution  discharges  began, 
le  health  effects  had  done  their  damage. 


Risk  involving  a  j>r^*2nfcly  recognized  pollutant  — which  only  af¬ 
fects  certain  (usually  small)  segments  of  the  population  (some¬ 
times  not  defined).  For  example .  some  non-smokers  acquire  lung 
cancer;  smokers  have  a  (kraher ^probability  of  acquiring  the  disease; 
smoking  asbestos  workerslhave  yet  a  higher  probability  of  contrac¬ 
ting  lung  cancer.  The  aoyersg 7 effects  of  smoking  and  airborne 
asbestos  are  recognized;  the  relative  risk  to  various  populations 
with  various  exposures  is  partially  defined.  However,  much  un¬ 
certainity  remains  as  to  whether  a  giv\i  individual  will  ever 
get  lung  cancer. 


Risk  associated  with  the  possibility 
as  a  meltdown  in  a  nuclear  power  reacto 
cave-in.  For  such  situations,  there  is 
to  occurence,  severity,  and  number  of  peo 


The  complexities  of  these  kinds  of  risk  analysis  are 


ure  accident,  such 
a  mine  fire  or 
rtainty  with  regard 
cted . 


le,  but 


not  overwhelming.  Semi-quantitative  analysis  of  a  diversity  of  health 
and  economic  impacts  is  possible  now  with  applied  probability  and  Sta¬ 


tistics.  One  meaningful  approach  is  to  compare  energy  risks  with 


those  which  we  readily  accept,  such  as  those  involving  air  and  automobile 
travel.  For  such  travel,  the  risk-takers  apparently  feel  that  the  benefits 
outweigh  the  risks.  Note  that  such  risk  taking  is  voluntary,  while  that  as¬ 
sociated  with  invisible  pollution  emissions  from  a  fossil  fuel  power  plant  is 
less  so.  The  differentiation  is  important  and  should  comprise  a  basic  consid¬ 
eration  within  risk  analysis. 


Even  highly  subjective  considerations  can  be  ranked  using  Delphi  and 
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other  techniques.  Incomplete  information  and  less-than-accurate  conclu¬ 
sions  needn't  be  misleading  as  long  as  bands  of  uncertainty  are  clearly 


defined . 


and 


irgy-related  decision-making  cannot  be  postponed  until  every  health 

detail  is  known  with  certainty.  Meaningful  integrated  assess¬ 


ments  can  proiaed  despite  uncertainty.  For  the  future,  the  opportunity  exists 


to  integrat 


laltrkand  well-being  aspects  much  more  directly  into  ORBES. 


For  the  ORBESTarea.  there  is  one  overriding  policy  issue:  How  can  the 


probabilities  be  improvec 


that  for  each  energy  development  project,  the  net 


effect  on  health  and  well-being' will  be  positive?  Note  that  from  a  health 


and  well-being  standpoint,  thl 


t  of  energy  development  (BOM  versus 


Tech  Fix)  is  probably  more  significan 


versus  50-50,  100%  coal,  or  100%  nuc 


Tools  and  data  are  available  to  quan 


the  question  of  means  (80-20 


man^n^f  the  impacts  enumerated  in 


Table  D.16.1  and  further  to  relate  them  to  highejyorder  positive  and  nega¬ 


tive  health  and  well-being  aspects  of  energy  developqienjt .  ORBES  presents 
the  health  specialists,  in  close  cooperation  with  the  c tj*6r  O&^ES  investi¬ 
gators,  with  the  opportunity  to  build  and  enlarge  upon  an^or^goingN^ong- 
range  mission:  the  quantification  of  health  effects  information/and  the  in¬ 
tegration  of  these  data  into  the  policy-making  process. 

A  step-by-step  program  is  planned,  utilizing  both  personnel  and  other 
resources  so  that  short-term  results  will  be  produced,  whether  or  not  all 


long-range  goals  are  realized  within  the  time  span  of  the  ORBES  project. 


Work  Plan 

The  recently  enlarged  ORBES  health  team  will  undertake  an  intensive 
effort  during  the  next  three  months.  High  priority  will  initially  be 
placed  on  quantifying  first-order  occupational  and  pollution  effects 
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affecting  employees  and  local  residents.  Several  health  yardsticks  will  be 


utilized  and  presented,  including  life  shortening,  increased  morbidity, 


increas  d  mortality,  lost  time  and  monetization. 


n  not  emphasized  initially,  our  interest  in  higher-order  economics- 


related  treal 


cts  will  continue,  and  pertinent  literature  will  be  col¬ 


lected  for  p 


Desirable  Input  Info 


plication  during  later  stages  of  the  ORBES  project. 


Our  current  efforts  are  directed  at  relating,  in  a  generalized  fashion, 
adverse  health  effects  to  pdilttant  levels,  accident  probabilities,  and 


other  risks.  These  relationsh 


be  applied  to  ORBES  specifics: 


Employment  levels  for  each_ occupation  involved  in  the  energy 
supply  system  will  be  required. 


The  emphasis  is  on  air  pollutai 
processes  should  be  able  to  cont^ 
adequate  quality.  Needed  are  annu' 
of  air  pollutants.  Peak  concentrate 
if  necessary,  these  can  be  estimated  usi) 


Pollutants  of  interest  include  the  particu 
oxide,  and  nitrogen  oxides  generated  by  c 


existing  water  treatment 
ovide  drinking  water  of 
levels  of  a  variety 
so  be  utilized,  but 
babilistic  techniques. 


e  matter,  sulfur  di- 
n  power  plants. 


Particularly  challenging  will  be  prediction  of  bhe  atfRo  spheric 
transformations.  For  example,  a  variety  of  sulfktes  arts  consid¬ 
ered  to  be  more  toxic  than  their  sulfur  dioxide  precursor**.  And 
the  river-orientation  of  ORBES  power  plants,  size  of  the  region, 
and  prevailing  wind  direction  seem  to  encourage  sulfate  forprastion 
and  deposition  within  the  region.  \ 

The  contribution  of  combustion-derived  nitrogen  oxides  to  photo¬ 
chemical  oxidant  synthesis  may  also  be  significant.  On  a  mass 
basis,  oxidant  is  the  most  toxic  (and  least  understood)  of  the 
six  pollutants  for  which  EPA  has  set  ambient  standards.  Combus¬ 
tion  contributes  only  one  of  the  precursors. 


5.  Coal  conversion  facilities  generate  additional,  ill-defined,  and 
possibly  very  toxic  organic  compounds.  Efforts  might  be  made  to 
characterize  the  pollution  and  health  hazards  associated  with  the 
relatively  small  number  of  coal  conversion  plants  expected  in 
ORBES  by  2000. 
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If  energy  growth  causes  increased  traffic  and  congestion,  the 
impacts  associated  with  increased  levels  of  carbon  monoxide  and 
hydrocarbons  should  be  considered. 

r -order  effects  of  air  pollution  associated  with 
ndustrialization  might  also  be  considered. 


emissions 
health  conci 
might  be  assoc: 


sents  a  different  problem,  wherein  routine 
r  very  high  control  and  close  scrutiny.  The 
the  high  levels  of  radioactivity  which 
wifefvi non-routine  situations. 


of  energy  facilities  will  be 


Population  patterns 
required . 


Base  case  information  of  allNkiinre  woyxfcLbe  useful  in  defining 
the  incremental  impact  of  energy  growth:  >^onomic  status, 
health  status,  and  pollution  levels 
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PARTIES  AT  INTEREST 


11. 

Industry: 

Mining 

12. 

Industry: 

Utility 

13. 

Industry: 

Processing 

14. 

Industry: 

Reprocessing 

15. 

Industry: 

Rail 

16. 

Industry: 

Barge 

17. 

Industry: 

Highway  (Trucking) 

* 


i 


f 

* 
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POTENTIALLY  RESPONSIVE  AGENCIES 
Federal 

1.  Council  on  Environmental  Quality  (CEQ) 

2.  Department  of  Commerce  (DOC) 

3.  /  Department  of  Transportation  (DOT) 

4/^firwironmental  Protection  Agency  (EPA) 

5.  flederal  Entergy  Administration  (FEA) 

6.  Feder&l_J^wer ''Commission  (FPC) 

7.  Interstate  CoCh^^  Commission  (ICC) 

8.  Nuclear  Regulatory  fcommd^ion  (NRC) 

9.  Occupational  Safety  arid  Hd  .-Administration  (OSHA) 

10.  Bureau  of  Mines  (BOM) 


State  and  Local 

20.  State  Departments  of  Commerce 

21.  State  Departments  of  Transportation 

22.  State  Environmental  Agencies 

23.  State  Health  Departments 


24.  State  Labor  Departments 


30.  Municipal  and  County  Governmental  Authorities 
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Function  Inpact  Interest  on  Parties  Problems  Policy  Options  Agencies  Accommodations 


ro 

-o 


hO 

kT 


LEGEND:  SEVERITY  OF  IMPACT:  SV-  severe;  ^moderate;  I -insignificant. 

EFFECT  ON  PARTY:  +-favorable;  -/unfavorable;  o-neutral;  ?-unknown. 
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.  : 
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E.O  SUMMARY  AND  FUTURE  WORK 


E.l  COMPARISON  OF  IMPACTS  OF  FOUR  ENERGY  DEMAND  SCENARIOS  AT  THE  YEAR  2000 


The  numbers  of  power  generation  facilities  as  well  as  their  geographical 
distribution  are  significantly  greater  under  the  BOM  scenarios.  Consequently, 


the 


2000  for 


igate 


regional  effects  of  the  impacts  will  be  greater  in  the  year 
JM  scenarios  as  compared  to  the  Ford  Tech  Fix  scenarios. 


The  most  sever? 


:ive  impacts  affect  the  physical-biological  environ- 


change  in  the  biota  (e.g.,  in 


ment .  The  impacts  which\ ap4/r^s trie ted  to  local  scale  are  associated  with 

ction  of  existing  communities) .  The 
r  ge/^aphical  scale  include  changes 


impacts  which  occur  at  local  and 


in  land  use  and  associated  problems,  sue 


and  in  air,  land  and  water  quality.  These 


dence  and  acid  drainage, 


o  considered  to 


have  an  immediate  impact  as  the  result  of  extraction 

Some  impacts  will  have  a  positive  impact.  Population  g 


rsion  functions 


1  ting 


from  increased  employment  may  create  local  short-term  problems  assb^ia ted with 
"boom  town"  cycles.  In  the  long-term,  growth  can  result  in  benefits  to  tjne 
region  and,  if  properly  managed,  at  local  scale  as  well.  Other  regional 
economic  benefits  are  decreased  reliance  on  petroleum  as  a  fuel,  a  curb  on 
increased  prices  for  goods  and  services  and  increased  personal  savings. 

Most  of  the  significant  impacts  which  have  been  identified  will  have 
long-term  effects  within  the  ORBES  region,  and  have  a  high  probability  of 
occurrence.  Selected  biological  impacts  (fish  kills  and  destruction  of  exist¬ 
ing  communities)  are  exceptions  to  the  long-term  effects;  radioactive  contam¬ 
ination  and  increased  concentration  of  water  pollutants  because  of  decreased 


flow  have  lower  probabilities  of  occurrence. 


■ 
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Comparison  of  BOM  80-20  and  50-50  Scenarios 


of  c 


he  identifications,  characterizations-  and  evaluations  of  the  impacts 
lear-related  energy  functions  across  all  impact  categories 


indicate 


0  fuel  mix  of  the  BOM  scenario  will  have  a  more  signi- 
e  ORBES  region  in  the  year  2000  than  the  50-50 
fuel  mix.  The  major  reasons'7  are  the  number  of  counties  involved  in  conversion 


ficant  overall  effe 


processes,  the  levels  of  extrac' 


ments  and  the  larger  amounts  of  em 


80-20  fuel  mix. 


in  the  region,  transportation  require- 
aj/d  w^te  products  related  to  the 


Comparison  of  Ford  Tech  Fix  100%  Coal  and  100%  Nuclea 

"4  /\ 

Because  of  the  greatly  lessened  projected  demand  by  the  y^X  2000,\ 
neither  of  the  Ford  Tech  Fix  scenarios  will  have  severity  of  impacts  as  str^n] 
as  the  BOM  scenarios.  Beyond  presently  committed  stations,  there  is  only7 a 
limited  number  of  stations  to  be  added  under  the  Ford  Tech  Fix.  Since  there 
is  greater  impact  associated  with  a  more  heavily  coal-fired  RTC,  the  Ford 
Tech  Fix  100%  coal  scenario  will  have  a  somewhat  more  severe  impact  than  the 


Ford  Tech  Fix  100%  nuclear  scenario  for  much  the  same  reasons  that  the  BOM 


80-20  has  more  impact  than  the  BOM  50-50. 


< 

. 

* 

■ 

E. 2  QUESTIONS  RELATED  TO  THE  BOM  AND  FORD  TECH  FIX  SCENARIOS 


As  indicated  throughout  this  report,  especially  Chapter  D,  the  energy 
conversion  requirements  of  the  two  BOM  scenarios  impose  much  more  severe 
physical  and  environmental  impacts  by  the  year  2000  than  do  the  two  scenarios 
f  the  Ford  Tech  Fix.  However,  the  limited  growth  and  energy  conservation 
of  the  Ford  Tech  Fix  will  produce  a  considerable  number  of  impacts 
on  ^he^oc^i^^a^id  political  system.  Thus  the  Ford  Tech  Fix  evaluation  requires 


a  careful 


rsis  df,  both  economic  and  public  policy  issues  for  the  future. 


Under  the  Fo] 


Fiac.  scenarios ,  the  nation  will  invest  more  capital 


funds  in  buildings  -  botj/X’e^d.deDftial  and  commercial  -  as  a  trade-off  for 
economies  in  fuel  costs  which  Vwlll  be  reflected  much  later  in  operating  sav¬ 


ings.  The  required  changes  in  ’’life  sty 
a  "pay  now — save  later"  philosophy  which 


operation  in  the  past.  Also,  the  Ford  Tech  Fix 
present  strong  trend  toward  convenience  and  labor  savi 


require  public  acceptance  of 


our  nation’s  mode  of 


the  reversal  of  the 


with 


resulting  increased  energy  utilization.  Many  questions  relat 
social  and  public  policy  issues  may  be  posed. 


economic , 


1 .  How 


does  the  body  politic  propose  to  encourage  the  large  and  early 


capital  investments  required  to  produce  conservation  implied  in  the  Ford  Tech 
Fix  scenario  over  the  long-run? 

2.  Will  the  natural  or  (perhaps)  artificial  increases  in  energy  fuel 
costs  come  soon  enough  to  encourage  or  "force"  the  acceptance  of  large  capital 
investments  required  in  residential  and  commercial  building  costs  for  insula¬ 
tion,  storm  windows,  heat  pumps,  solar  augmentation  of  heating,  etc.? 


3.  Can  public  institutions  effectively  provide  incentives  in  such  forms 


as  forgivable  loans,  mortgage  augmentation,  or  tax  reductions  or  remissions 
to  encourage  individuals  and  corporate  management  to  take  conservation  measures 


- 
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4.  Are  people  willing  to  give  up  employment,  even  on  a  temporary  basis, 
to  keep  warm  when  excess  capacity  of  a  given  energy  system  is  overburdened  by 
extreme  weather  or  fuel  shortages?  Who  makes  and  enforces  the  appropriate 


regulations  and  controls? 


.  What  are  the  relative  economic  implications  of  the  BOM  and  Ford 


Tech 


per  capit 


s?  The  very  large  rate  of  projected  electrical  energy  use 


ates  a  strong  shift  to  electrical  power  in  the  resi¬ 


dential,  commercial 
capital  investment  intenai 


in  operating  costs.  The  more  mi 


ustrial  sectors  by  2000.  This  form  of  energy  is 


y  current  economics,  relative  inexpensive 


d  Tech  Fix  projections  also  require 


substantial  capital  investments  forNrtmser 


driven  by  nor  productive  of  GNP  growth  an 


which  are  not  necessarily 

osperity.  Will  capital 


resources  be  available  to  implement  the  BOM  scena 


ith  GNP  growth  or 


the  Ford  Tech  Fix  scenario  without  the  corresponding  G 

6.  The  rate-price  structure  of  "competitive"  fuels  (including  eleb<ri- 
city)  are  partially  regulated  and  partially  free  market  determined.  Curren 
rate  structures  are  inverted  to  be  attractive  to  large  multiple  fuel  users. 

Also  some  large  energy  users  (processing  and  manufacturing)  are  scheduled  on 
different  fuels  or  energy  sources  during  off  peak  demand.  Others  have  been 
forced  to  convert  to  cleaner  fuels  (gas  and  oil)  by  regulations  governing 
environmental  emissions.  In  order  to  promote  conservation  of  energy  a  direct 
rate-pricing  structure  may  be  necessary;  i.e.,  the  more  energy  used,  the 
higher  the  unit  cost  of  the  energy  should  be!  Since  this  is  contrary  to  normal 


econoihic  pricing  standards,  who  will  regulate  and  how  will  regulations  be 


enforced? 


'  •  .  '  '  •  ■  ' 
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The  above  questions  are  substantive  and  many  of  them  will  require  both 
ling-MJsrm  study,  debate  and  resolution  (or  compromise)  more  realistically 
suitejy^tp  the  Ihase  II  aspects  of  the  ORBES  study.  The  answers  may  lie  in 


technolog: 


movabion  or  the  better  adaptation  of  known  technology  to  the 


problem.  However, 


ers  will  also  largely  be  forced  by  public  opinion 


including  the  willingnes  ^e  public  to  subject  personal  convenience  to 

regulation  and  control. 


’ 
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E.  3  FUTURE  WORK 

During  the  interim  between  this  second  preliminary  report  and  the  third 
(and  final)  report  of  this  Task  2  mini-technology  assessment  effort,  the 
Illinois  team  will  revise  and  extend  the  material  in  this  report  to  more  com¬ 
prehensively  cover  the  comparative  aspects  of  the  four  RTC’s  related  to  the 


BOM 


physical 


ch  Fix  scenarios.  Specifically  a  number  of  aspects  of  the 

ental  primary  impacts  are  being  quantified  to  a  greater 


degree  than  in  tM^rrgjpo-r- The  resulting  second  and  higher  order  impacts 
related  to  biological,  e^or^^i\:,  societal  and  institutional  aspects  of  the 
study  can  be  more  accurately  dafipf^d  abv  to  severity  and  time  scale.  Also, 


additional  interactions  between  tl 


►ad  r/ftvce  of  disciplines  represented 


on  the  Illinois  team  should  develop  "feedback"  information  which  may  suggest 


weaknesses  and/or  desirable  changes  in  the  as! 
the  present  RTC's  related  to  both  the  BOM  and  Ford 


better  set  of  baseline  futures  projected  to  the  year  2000  wo 


d  in  formulating 


enarios.  A 


pful 


in  understanding  the  economic,  social  and  political  implications  ofssthe  R>t'Ss^s 
now  being  studied.  In  turn,  the  range  of  public  policy  issues  and  option: 
may  suggest  certain  modifications  in  the  types  or  the  time  scale  of  the 
technological  innovations  now  being  assumed. 

The  final  report  will  include  technology  assessment  for  fuel  conversion 
on  a  modest  scale  for  the  production  of  high-BTU  pipeline  quality  synthetic 
gas  from  coal  as  well  as  low-BTU  utility  gas  for  direct  use  in  electrical 
energy  conversion  units. 


In  the  final  analysis,  the  major  contribution  of  the  Task  2  (Phase  I) 


effort  will  be  a  comprehensive  but  preliminary  evaluation  of  the  broad  aspects 


•* 
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of  the  electrical  energy-conversion  and  fuel-conversion  related  impacts  for 
the  four  RTC's  in  question.  Phase  II  of  this  continuing  study  is  intended 
to  provide  a  much  more  in-depth  analysis.  Thus,  an  important  aspect  of  the 
final  report  on  Task  2-Phase  I  effort  must  be  to  delineate  the  questions  and 
iroMems  identified  by  the  mini-assessment  process  which  require  more  detailed 


att< 


to  the  end  of 


he  future  Phase  II  study. 


activities  for  the  Illinois  team  from  March  15,  1977 


hase  I  activities  is  as  follows: 


1.  Team  meeting  Mkrcli /2l  at  Chicago  Circle  to  consider  additional 
material  beyond  this  second  pr^  1y^ffna>y  report  for  the  Carbondale  (third) 
public  meeting. 

2.  Third  public  meeting  to  be  held>  hdale,  Illinois  on  the 


afternoon  and  evening  of  April  4,  1977. 


3.  Interactive  meetings  between  sub-groups  of  t 


is  team  to 


obtain  "feed-back"  on  physical,  environmental  and  biologica 
economic,  societal  and  public  policy  matters  and  vice  versa. 

4.  Final  report  due  in  Project  Office  on  May  15,  1977.  This  report^ 
along  with  other  Task  2  team  reports,  will  provide  the  Project  Office  with 
material  to  perform  the  Task  3  evaluative  report  for  Phase  I.  This  evalua¬ 
tive  report  for  all  Phase  I  studies  will  be  returned  to  the  three  Task  2 
teams  for  review  and  comment.  The  Task  2  Illinois  final  report  will  consti¬ 
tute  one  of  the  appendice  of  the  Task  3  report. 

5.  Illinois  team  meeting  during  the  week  of  May  23  in  preparation  for 
the  fourth  public  meeting  in  Springfield,  Illinois. 


6.  Fourth  public  meeting  of  the  Illinois  team  at  Springfield,  Illinois 


during  the  morning  and  afternoon  of  Friday,  June  3,  1977.  In  addition  to  an 


- 


. 
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open  meeting  for  the  general  public  the  Illinois  team  will  encourage  the 
attendance  of  legislators  and  their  staffs  as  well  as  representatives  of  the 


execi 


branch  responsible  for  formulating  public  policy  regarding  both 


energy  at 


Lrontaental  problems. 


7 .  Response* 


le  Project  Office  on  final  report  of  Phase  I. 


8.  Formal  clo'se  2-Phase  I  ORBES  by  June  30,  1977. 
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APPENDIX  I 


Appendix  1-1 


SITING  CONFIGURATIONS  -  BOM  SCENARIO 
WITH  80-20  AND  50-50  FUEL  MIXES 


BOM  80-20 


STATE 


ILLINOIS 


Total 


ireene 
Hamilton 
Jers 
Lawren 
Marshall 
Perry 
Pulaski 
Schuyler 
Scott 

Washington 

White 


Cass 

Marshall 

Mercer 


COUNTIES 


Coal' 


Nuclear' 


Coal 

Gasif ication  b 


(2) 

(2) 

(2) 


Perry  -  High  Btu 
St.  Clair  -  Low  Btu 


(6) 

Daviess  / 

Fountain 

(1) 

Greene  \ 

nU) 

Harrison 

m 

Perry 

df 

Spencer 

(i) 

Switzerland 

(i) 

(2) 


INDIANA 


Total 


Clark 
Crawford 
Daviess 
Dearborn 
Dubois 
Fountain 
Gilson 
Greene 
Harrison 
Jackson 
Knox 

Lawrence 
Martin 
Ohio 
Perry 
Pike 
Posey 
Spencer 
Sullivan 
Switzerland  (1) 
Tippecanoe  (1) 
Vermillion 
Warren 
Warrick 


(1) 

(1) 

(2) 

(2) 

(1) 

(1) 

(1) 

(1) 

(2) 

(1) 

(1) 

(1) 

(1) 

(1) 

(2) 

(1) 

(1) 

(1) 

(1) 


(1) 

(1) 

(1) 


(27) 


(7) 


lumbers  of  1000  MWe  plant  units  are  in  parentheses'. 


Full-scale  pl?nt  with  250,000,000  cubic  feet  per  day  capacity 


y 


■ 

i 


•  n 

r 


r  . 


' 


» 
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SITING  CONFIGURATIONS  -  BOM  SCENARIO 
WITH  80-20  AND  50-50  FUEL  MIXES 


BOM  80-20 


STATE 


COUNTIES 


Coal‘ 


Nuclear' 


Coal 

Gasification*5 


KENTUCKY 


Total 


Ballard  (2) 
Bracken  (2) 
Breckinridge (2) 


Lewis 

Russell 


(1) 

(2) 


OHIO 


Total 


Athens 

(3) 

Belmont 

Brown 

(3) 

Brown 

/k) 

Butler 

(3) 

Gallia 

(i> 

Clark 

(2) 

Lawrence 

(i) 

Clermont 

(3) 

Meigs 

(i) 

Franklin 

(2) 

Monroe 

(i) 

Gallia 

(3) 

Morgan 

(i) 

Hamilton 

(2) 

Muskingum 

(i) 

Lawrence 

(3) 

Pike 

(i) 

Mahoning 

(3) 

Ross 

(i) 

Meigs 

(3) 

Scioto 

(i) 

Miami 

(2) 

Washington 

(i) 

Montgomery 

(2) 

Morgan 

(3) 

Pickaway 

(2) 

Ross 

(3) 

Warren 

(3) 

Washington 

(3) 

48 

12 

^Numbers  of  1000  MWe  plant  units  arc  in  parentheses. 

V. 

Full-scale  plant  with  250,000,000  cubic  feet  per  day  capacity. 
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SITING  CONFIGURATIONS  -  BOM  SCENARIO 
WITH  80-20  AND  50-50  FUEL  MIXES 


BOM  50-50 


STATE 


COUNTIES 


Coal' 


Nuclear 

(2) 

Cass 

(2) 

(2) 

Greene 

(2) 

(2) 

Hancock 

(2) 

(2) 

Henderson 

(2) 

(2) 

Iroquois 

(1) 

(2) 

Livingston 

(2) 

(2) 

Marshall 

(2) 

(2) 

Mercer 

(2) 

Coal 

Gasification 


il:  INOIS 


INDIANA 


Total 


15 


Clark 
Crawford 
Daviess  (1) 

Fountain  (1) 

Gibson  (1) 

Harrison  (2) 

Martin  (1) 

Perry  (2) 

Pike  (1) 

Posey  (1) 

Spencer  (1) 

Sullivan  (1) 

Switzerland  (1) 
Vermillion  (1) 

Warren  (1) 


Clark 

(1) 

Crawford 

(1) 

Daviess 

(1) 

De/rb^xn 

(1) 

Fountains 

(1) 

Glseene  J 

/S£) 

Har 'Hgop// 

Jef f ersons 

\(1) 

Ohio 

XI) 

Perry 

(2j) 

Spencer 

Sullivan 


Switzerland  (1) 


Tippecanoe 

Vermillion 


17 


17 


Perry  -  High  Btu 
St.  Clair  -  Low  Btu 


KENTUCKY 


Total 


Breckinridge (2) 


Carliste 

Livingston 

Marshall 

Meade 

Owen 

Trigg 

Union 

Webster 


(2) 

(2) 

(2) 

(2) 

(1) 

(2) 

(2) 

(2) 


Bracken 

Greenup 

Lewis 

Mason 

Russell 

Trimble 


(3) 

(2) 

(3) 

(3) 

(3) 

(3) 


17 


17 


aNumbers  of  1000  MWe  plant  units  are  in  parentheses, 
k  Full-scale  plant  with  250,000,000  cubic  feet  per  day  capacity. 


■ 
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SITING  CONFIGURATIONS  -  BOM  SCENARIO 
WITH  80-20  AND  50-50  FUEL  MIXES 


COUNTIES 


Nuclear' 


Coal 

Gasification 


OHIO 


Total 


Athef 
Brown 
Butler 
Clark 
Clermont 
Franklin 
Gallia 
Hamilton 
Lawrence 
Mahoning 
Meigs 
Miami 

Montgomery 

Morgan 

Pickaway 

Ross 

Washington 


.2)' 

(2) 

(2) 

(2) 

(1) 

(1) 

(1) 

(2) 

(2) 

(2) 

(2) 

(2) 

(1) 

(2) 

(2) 


30 


Belmont 

(4) 

Brown 

(4) 

Gallia 

(4) 

■Lawrence 

(2) 

Maigs 

(4) 

Matiroe 

itargaj**V 

(4) 

(2) 

Muskangum\ 

(D 

Pik£ 

Vx) 

RossX. 

Scioto^ — 

7(i) 

Washington^ 

Si) 

Numbers  of  1000  MWe  plant  units  are  in  parentheses 


Full-scale  plant  with  250,000,000  cubic  feet  per  day  capacity. 


' 


'  ■ 


*. 
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Appendix  II-l 


Year 


Name  of  Plant 


Location 


MW(E)  Capacity  Type 


1976 

1977 

1979 

1981 

1983 

1985 

1986 

1987 

1988 


1989 

1990 

1991 

1993 


Duck  Creek  1 
Wallace  1  and  2 

/  Npwton  1 
//d5allman  3 


Marion  4 


Duck  Creek  2 
LaSalle  1 

Fossil  Cap. 

Newton  2 
LaSalle  2 
Lakeside  1  and  2 
Reynolds  2 

Clinton  1 

Marion  5 

Duck  Creek  3 
Clinton  2 

Newton  3 
Plant  X#1 
Factory  2 
Fossil  Cap. 


Fulton 
E.  Peoria 

Newton 

Springfield 

Havana 

Springfield 

Williamson  County 


Hutsonville  1  and  2\  //feutsonville 


Newton 
Seneca 
Springfield 
Springfield 

Clinton 

Williamson  County 

Fulton 

Clinton 

Newton 

Unknown 

Springfield 

Unknown 


400 

42 

550 

178 

450 

-25 

173 

-50 

400 

1078 


Coal 

Gas 

Coal 

Coal 

Coal 

Oil 

Coal 

Oil 

Coal 

Nuclear 


Coal 

Nuclear 

Oil 

Oil 

Nuclear 

Coal 


:  i 


•  ■ 

7.,’ 


*  . 


- 


:  •• 


■  • 


*  • 


MI 
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ILLINOIS 


V 


•i 


-  f 
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INDIANA 


Year 


1976 


Name  of  Plant 


1977 

Petersburg 

1981 

Gibson  2 

Rensselaer  4  ) 

1984 

Brown  1 

1985 

Schahfer  15 

1986 

Gibson  3 

1988 

Merom  1 

1989 

Merom  2 

1990 

Petersburg  4 

Marble  Hill  1 
Rensselaer  13 

1992 

Brown  2 

1993 

Undesignated 

1994 

White  Water  Valley 
Marble  Hill  2 

Location 

Gibson  County 
Jasper  County 

Pike  County 

Gibson  County 
Fasper  County 


MW(E)  Capacity  Type 


,oun 

GibsonVCounty 

Sullivan  Coun 

Sullivan  County 

Pike  County 
Jefferson  County 
Jasper  County 

Posey  County 


Wayne  County 
Jefferson  County 


650 

477 

532 

668 

-1 


Coal 

Coal 

Coal 

Coal 

Oil 

Coal 

Coal 

Coal 

Coal 

Coal 

Coal 
Nuclear 
)il  (Gas) 


100 

1130 


Coal 

Nuclear 


V 


: 

'v 

t 

X.  • 

Appendix  II-4 


TECH  FIX  NUCLEAR 

Year  County 

1995  Perry 

1997  Daviess 


MV(E)  Capacity 
600 
600 
600 


1999 


Harrison 


1000 


Appendix  I I- 5 


KENTUCKY 


Year 


1982 

1983 

1984 

1985 

1986 

1987 

1989 

1990 

1992 


Name  of  Plant 

Spurlock  1 
;id  1 


Location 


MW(E)  Capacity  Type 


1993 


Reid 
Paddys 

Paddys  RiHa'  1 

Paddys  Run  3 
Paddys  Run  4 

Mill  Creek  4 

Paddys  Run.  5 

Paddys  Run  6 

Cane  Run  1 

Spurlock  2 

KU  Unit  1 

East  Bend  2 
Trimble  County  1 

KU  Unit  2 
Undesignated 

EK  Unit 
East  Bend  3 
Reid  3 

East  Bend  1 
Trimble  County  2 


Winchester 

300 

Coal 

Sebree 

65 

Oil 

Ghent 

500 

Coal 

Louisville 

425 

Coal 

Sebree 

200 

Coal 

Louisville 

-29 

Coal 

Louisville 

-30 

Coal 

Louisville 

-64 

Coal 

-Louisville 

-66 

Coal 

kou/Lsville 

495 

Coal 

Louis^/illK 

-71 

Coal 

LouisV^Tle  )/\. 

-68 

Coal 

Louisville  ^ 

-111 

Coal 

Winchester 

500 

Coal 

Undesignated 

Rabbit  Hash 
Trimble  County 

Undesignated 


Undesignated 
Rabbit  Hash 
Sebree 

Rabbit  Hash 
Trimble  County 


500 

800 

200 

669 

495 


Coal 

Coal 

Coal 

Coal 

Coal 


1994 


KU  Unit  3 


Undesignated 


650 


Coal 


Appendix  II-6 


KENTUCKY 


A 


'  '  . 


Appendix  I I- 7 


OHIO 


1978 

1979 

1980 


1983 

1987 

1988 

1991 

1992 


Name  of  Plant 

kanesYille  5 
,  MartinsN^erry 

Car 

Racine 
West  End  2 

West  End  1,  3 

Miami  Fort  3  and  4 

Miami  Fort 
Picway  3  and  4 
Columbus 

Cones vi lie  6 

Killen  2 
Zimmer  1 

Poston  5 

Killen  1 
Poston  6 

Cardinal  4 


Location 

Conesville 
Martins  Ferry 

Brilliant 

Racine 

Cincinnati 

incinnati 

Hamilton 

ton/^N. 
Columbus 

Columbus.  J 

Conesville 

Wrightville 
Clermont  County 


Wrightville 

Brilliant 


MW(E)  Capacity  Type 


375 

-2 

615 

40 

-111 

-108 

-130 


Coal 

Oil 

Coal 

Hydro 

Gas 

Gas 

Unknown 

Coal 

Coal 

Unknown 


Coal 

Nuclear 


,  j  (It  . 


Appendix  I 1-8 


OHIO 


1998 

1999 

2000 


Monroe 

Lawrence 

Meigs 

Morgan 

Washington 


1000 

1000 

1000 

1000 

1000 


1 


•  > 


» 


t 


